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Tabte 7 

Recent reported and estimated groundf ish catches in the Western Central Atlantic, 
by area and type of fishery, including shrimp trawl discards, in '000 tons 



Location 


Industrial 


Food 


Recrea- 
tional 


Discards 


Total 


Southeastern U.S. 





1 


20 1/ 


32 U 


53 


US. Gulf of Mexico 


453/ 


53/ 


58 J/ 


600-1000 i/ 


710-1110 


Mexico 


20 5/ 


30 6/ 


- 


120-150 11 


170-200 


Belize-Venezuela 


- 


50 8/ 


- 


50-100 9/ 


100-150 


Guianas-Braztt 


- 


50 */ 


- 


200 U/ 


250 


TOTAL: 


65 


135 


80 


1000-1500 


1280-1760 



JY Estimated from unpublished data for 1975. made available by Deuel, excluding 
~ pelagic and reef species and sharks 

2/ Average for 1973-75 from Keiser (1977), based on heads-on discard ratios 
ranging from 1.2 to 4.0 

3/ 1969-76 averages 

4/ From Klima (1976). calculated from reported 90% C.L. discard ratios and 1972- 
74 U.S. shrimp catch for individual statistical areas 

5/ Average of reported Cuban 1966-74, and Soviet trawl catches, excluding large 
catch (70,000 tons) in 1972 

6/ Reported landings of miscellaneous demersal species in 1972 (Klima, 1976a) 

7/ Calculated from reported 1972-74 Mexican shrimp catch and assumed heads-on 
discard ratio of 8.3 0.75 reported by Klima (1976) 

8/ Based on reported 30,000 tons from Venezuela in 1977 plus reported and 
~ unrepored landings in other countries 

9/ Based on estimated average shrimp catch during late 1970*8 times discard ratios 
of 5.0 and 10.0 

10/ Includes 1977-78 landings of catfish in northern Brazil (25,000 tons) and 15,000 
tons of by-catch landed by shrimp trawlers in Guyana 

111 Western Central Atlantic Fishery Commission, 1979 
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Table 8 

Estimated annual 1972-74 groundfish discards for U.S. Gulf of Mexico shrimp fleet 

calculated from whole weight discard ratios and reported shrimp landings 

by statistical area in '000 tons 



Statistical 
area 


Discard 
ratio 


Confidence 
limits 


Shrimp Catch 
1972 1973 1974 


Groundfish Discards 
1972 1973 1974 


11 


17.1 


3.8 


6.0 2.8 3.5 


102 47 60 


12 


7.1 


2.4 


0.3 0.2 0.1 


221 


13 


20.2 


1.9 


5.3 4.5 4.1 


107 90 82 


14 


20.0 


3.0 


3.0 1.6 1.4 


61 33 28 


15 


15.8 


3.3 


7.8 5.1 5.8 


122 80 91 


16 


10.8 


3.1 


4.5 3.4 2.8 


49 37 30 


11-16 


3.1 


0.9 


18.5 12.9 13.9 


58 40 43 


inshore 










1-10 


8.3 


0.8 


8.9 11.0 11.6 


73 91 96 


17-21 


7.0 


3.0 


36.1 27.1 30.0 


252 190 210 


22-30 


8.3 


0.8 


6.2 4.1 4.8 


52 34 39 


31-40 


8.3 


0.8 


2.5 3.2 1.7 


21 27 22 


17-21 


3.1 


0.9 


5.2 6.3 4.2 


16 20 13 


inshore 










Total Gulf 






104.2 82.3 83.8 


914 690 715 


average 










90% C.L. 








117 86 95 



Source; Klima (1976) 



Table 9 

Annual 1972-78 catch, fishing effort and catch-per-unit-effort data 
for industrial catfish fishery in Belem, Brazil 



Year 


Catch 
(tons) 


Effort 
(days at sea) 


Catch-per- 
unit-effort 
(tons/day at sea) 


1972 


845 


144 


5.88 


1973 


6,447 


1,059 


6.09 


1974 


11,853 


2,795 


4.24 


1975 


15,070 


3,371 


4.47 


1976 


15,767 


3,075 


5.13 


1977 


22,486 


3,360 


6.69 


1978 


17,446 


3,164 


5.51 



Source: Programs de pesquisa e desenvolvimento pesqueiro do Brasil, 1979 
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Table ID 

Density and biomass estimates for all species caught in trawls 
and for demersal teleosts only, by depth zone, in the southeastern 
United States as determined from 1973-75 MARMAP trawl surveys 



PtantH 


Density (tons/km 2 ) I/ 




Biomaas ('000 tons) 


uepcn 
(m) 


All Demersal 
species teleosts 


Area 
(10 s km 2 ) 


All Demersal 
species teleosts 


10-18 


7.3 2.7 


18.4 


134 50 


19-27 


7.3 2.7 


16.1 


117 43 


28-55 


5.7 2.1 


22.1 


127 47 


56-110 


5.7 2.1 


4.8 


27 10 


111-183 


2.4 0.9 


3.6 


9 3 


184-366 


0.6 0.2 


9.4 


6 2 


Total: 

(all depths) 


5.4 2.0 


74.5 


420 155 



I/ Original density estimates given by Barans & Burrell (1976) were divided by a 
catchability coefficient of 0.30 



Table 11 

Density and biomass estimates for all species caught in trawls 

and for demersal teleosts only as determined from MARMAP surveys 

during four different seasons in 1973-75 in the southeastern United States 





Density 


(tons/km 2 ) I/ 


Biomass 


('000 tons) I/ 


Season/Year 


All 
species 


Demersal 
teleosts 


All 
species 


Demersal 
teleoste 


Fall, 1973 


4.3 


1.6 


325 


120 


Spring, 1974 


7.7 


2.9 


580 


215 


Summer, 1974 


3.2 


1.2 


242 


90 


Winter, 1975 


5.4 


2.0 


408 


151 


Mean (all seasons) 


5.4 


2.0 


402 


150 



I/ Original density estimates given by Barans & Burrell (1976) were divided by a 
catchability coefficient of 0.30 

2/ Total (non-reef) area equal to 75,000 km 2 
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Tabte 12 

Mean biomass estimates for groundfish in inshore waters in the U.S. Gulf of Mexico 

as determined from trawl surveys, with associated minima and maxima 

at 95% confidence levels, in '000 tons 



Area 


Depth 
(m) 


Mean 
biomass 


Minimum 


Maximum 


Florida west coast JL/ 


0-110 


753 


611 


895 


Mississippi (88-8930'W) I/ 


4-91 


483 


222 


744 


Louisiana (8930 I -9130 I W) 2/ 


4-91 


754 


375 


1133 


Louisiana (9130 f -94W) 3/ 


0-110 


467 


. 


- 


Texas */ 


0-110 


224 


193 


255 


TOTAL: 




2681 


1868 I/ 


3494 1/ 



Source; Klima, 1976 

I/ NMFS Pascagoula Laboratory exploratory surveys 

2/ Average of four MARMAP surveys, 1973-74 

3/ Presumably determined from NMFS Pascagoula and Galveston Laboratory surveys 

4/ Average of surveys carried out by Pascagoula and Galveston Laboratories 

5/ Includes 467,000 tons from western Louisiana 



Table 13 



Estimated 1976 aroundfish catch for the northern 
(8730 I -9130 I W) by fishery, in '000 t< 



Gulf of Mexico 
tons 



Fishery 



Catch 



Shrimp (discards) 
Industrial trawl 
Commercial foodfish trawl 
Recreational 

TOTAL: 



292 JL/ 

45 
3.7 

20 2/ 

360 



I/ Based on a fish/shrimp discard ratio (whole weight) of 
"" 14:1 as determined from 1975 and 1976 surveys and 1976 
shrimp catch 

21 Estimated as one-third the reported recreational 
groundfish catch for the entire Gulf in 1975 (Deuel, 
unpubl.data) 

All commercial catch data taken from Gulf of Mexico 
FMC Groundfish Management Plan, 1978 
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Tatole 18 

Density of groundf ish stocks in Guyana, Surinam and French Guiana 
as estimated from trawl surveys 



Survey 


Location 


Depth 
(m) 


Density 
(tons/km 2 ) 


La Salle 


Surinam 


9-37 


16.5 


Coquette 


Surinam 


9O7 
37-183 


15.9 
4.0 


Calamar 


Surinam, French Gui 


ana 9-37 


6.8 


Oregon II 


Guyana, Surinam, 
French Guiana 


37-183 


7.0 



Source: Klima (1976) 



Table 19 

Biomass estimates for groundfish stocks in northern Brazil 
inferred from densities reported from trawl surveys in the Guianas 



Location 


Depth 
(m) 


Area I/ 
(10 km 2 ). 


Biomass 3J 
(000 tons) 


Cabo Orange - 


0-49 


106 


740-1700 


Rip Para" 


50-200 


65 


260-455 


(S^-O^N) 


0-200 


171 


1000-2155 


Rio Par* - 


0-49 


83 


580-1330 


Parnalba 


50-200 


40 


160-280 


(O ff -3 b S) 


0-200 


123 


740-1610 



I/ Area estimates from Yesaki (1974) 

21 Biomass estimated from minimum and maximum densities given in Table 18 
for 9-37 m (equals 0-49 m) and 37-183 m (equals 50-200 m) 
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Figure 2 U.S. National Marine Fisheries Service statistical 
areas in the Gulf of Mexico 
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Figure 3 Annual estimated 1969-1976 groundfish catch and effort by the 
shrimp and food fish trawl fisheries in the northern Gulf of 
Mexico (87 30'-91 30 f W) and the predicted yield curve (Source: 
Gulf of Mexico FMC, 1978) 
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Figur 4 Linear regression of 1972-1978 CPUE versus effort for the 

catfish (Blachyplastystoma yalllant) trawl fishery of northern 
Brazil and the predicted yield curve. The 1977 data (shown as a 
pronounced O and X) were omitted from the analysis (Sources 
Programs POP do Brasil, 1979) 
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CHAPTER 3: SHARKS 

Reported commercial landings of sharks, rays and skates in statistical area 31 of the Western 
Central Atlantic averaged 11,500 tons between 1973 and 1978 (Table 4). Most of the reported landings 
were from Cuba and Mexico. Paiva et al. (1971) estimated that an additional 1,200 tons were produced 
annually by artisanai fishermen in northeast Brazil between 1960 and 1968. Reported landings certainly 
underestimate actual catches when sources such as recreational fisheries, trawl discards and incidental 
catches are considered. The total 1978 estimated catch of inshore ( 200 m) shelf species from the U.S. 
Gulf of Mexico was 7,600 tons (Table 21). 

The only directed commercial fisheries for sharks in the Western Central Atlantic are currently 
conducted by Mexico on Campeche Bank and Cuban vessels which operate on the north coast of Cuba. 
The Mexicans reported average catches of 2,000 tons between 1975-1978 (FAO, 1979). These were 
primarily large carcharhinid sharks captured with longlines and setlines. Reported Cuban landings for 
the same period averaged 3,300 tons. Small quantities are captured incidentally to Cuban snapper/ 
grouper longline fishing on the west coast of Florida and Campeche Bank and by Japanese tuna 
longliners which operate in the Gulf of Mexico. 

Most of the directed commercial and recreational shark fishing activity is for the larger inshore 
species. According to the Gulf of Mexico PMC (1979), U.S. recreational fishing produced mostly bull 
(Carcharhinus leucas) and tiger (Gaieocerdo cuvieri) sharks in the Gulf of Mexico. For the smaller 
sharks, the principal species discarded by the U.S. shrimp fleet or caught by recreational fishermen in 
the 1970s were Atlantic sharpnose (Rhizoprionodon spp.), bonnethead (Sphyrna tiburo) and blacktip 
(Carcharhinus limbatus) sharks. 

Sharks, in general, are particularly vulnerable to exploitation given their low fecundity, advanced 
age-at-maturlty and slow growth. This is less true for other elasmobranchs which have higher 
reproductive potentials. Many shark species are migratory. Some of the larger species migrate over 
long distances. 



Shark resources in the region are underutilized. Bullis et al. (1971), on the basis of U.S. 
exploratory fishing surveys in the 1950s and 1960s, estimated a total biomass of 370,000 tons for inshore 
shelf waters and 228,000 tons for offshore waters in statistical area 31. These estimates were based on 
an average offshore density of 36 kg/km 2 and an inshore density of 270 kg/km 2 . The inshore estimate 
was based on catch records obtained from handline and bottom longline gear sets and from incidental 
trawl catches. Supporting information was available from FAO exploratory fishing surveys and a survey 
of 160 major river systems. 

Trawl surveys conducted on the southeast coast of the U.S. in 1973-1975 resulted in a standing 
stock estimate for sharks, skates and rays of approximately 220,000 tons after the original catch rates 
(Barans and Burrell, 1976) were adjusted for a catchability coefficient of 0.30 according to standardi- 
zation procedures outlined by Klima (1976a). 

The general yield equation (Y^ = 0.5 MB ) derived by Gulland 1971) to estimate potential yield 
from virgin biomass does not apply to shark populations since they are characterized by low 
reproductive potential and a strong density-dependent stock/recruitment relationship. The ratio of 
maximum yield to virgin biomass for shark populations in the Gulf of Mexico was therefore determined 
for five groups of species in the Gulf of Mexico (Gulf of Mexico FMC, 1979) from life history data, 
following conceptual methods outlined by Holden (1974). Fifty-nine species of sharks and forty species 
of skates and rays were divided into five groups according to habitat (depth) and size (age-at-maturlty 
greater or smaller than 5 years). Based on the results of experimental shark fishing off the north coast 
of South America and personal commentary by S. Springer, the biomass of small sharks in the Gulf was 
assumed to equal 1-2 times the biomass of large stocks in both inshore and offshore waters when the 
biomass of large sharks was set equal to 50% of the total biomass. The biomass of skates and rays was 
assumed to be 3-6 times lower than the total estimated minimum shark biomass in inshore waters (Table 
22). All biomass estimates were assumed to be for unexploited populations and were based on average 
. density estimates in Bullis et al. (1971). 
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The growth parameter (K) was estimated for major species from data on the gestation period of 
female sharks, length at birth, and L^, and averaged 0.20 (range 0.13-0.42). Total mortality (Z) rates 
were based on an upper limit value of Z which just allows the population to replace itself every year and 
on age-at-maturity and the average number of offspring per year per female. Natural mortality (M) 
was estimated as 50-90% of Z, baaed on computed values of Z and M for several species (Holden, 1974). 
Total mortality (Z) values ranged from 0.29-0.75 (mostly 0.35-0.55) and M from 0.15-0.67 (mostly 0.20- 
0.48). 

Rather than predict the maximum yield/recruit, since recruitment is a critical factor for sharks, 
recruitment (R) was expressed relative to recruitment of the virgin population (R ) and related to 
current biomass (B), the biomass of the virgin population (B ) and the biomass of the populaton at 
maximum sustainable yield (B MS y). RMSY wa8 assumed to correspond to R , though this might be 
optimistic and lead to overestimation of potential yield. The version of the Ricker stock/recruitment 
model which was used implies nearly constant recruitment at low stock size, but allows for a decline in 
recruitment when the population is substantially reduced. 

The stock/recruitment relation was converted to eliminate biomass terms and inserted into the 
Beverton-Holt yield equation which was then solved for MSY. The ratio MSY/B was predicted for 
given parameter estimates. In these calculations, the age-at-recruitment (t^) was assumed to equal 
age-at-first-capture (t c ) and effort was assumed to be non-selective with respect to age and sex. 
Computed values of the ratio MSY/B ft ranged from .035-0.131 (mostly 0.05-0.10) with fishing mortality 
(F)=0.10-0.34. The critical parameter was M, not K. When size at recruitment 1 R was set equal to 0.5 
LOO, the ratio MSY/B equalled 0.25 M in all cases. Accepting an approximate mean value of M equal to 
0.3 for all species, the ratio of maximum sustainable yield to virgin biomass was 0.075 and the biomass 
at MSY was 0.385 times B . 

The results suggested that maximum yields are obtained from shark populations in the Gulf of 
Mexico at half the population size predicted by the Gulland yield formula. Furthermore, with M=0.3, 
MSY would be achieved when yield equals 7.5% of the virgin biomass and the exploited biomass equals 
38.5% of the virgin biomass. If anything, these results lead to overestimates of MSY since Holden 
(1974) estimated MSY/B a ratios of 0.03 to 0.05 for cool and temperate water shark species. Possible 
errors in parameter estimation would cause the MSY/B ratio to be overestimated. Holden limited K 
values to the range 0.1-0.2 and used higher estimates of age-at-maturity. 

Maximum sustainable yield was therefore estimated for each shark species group by multiplying 
virgin biomass estimates times 0.075. For skates and rays, a factor of 0.10 was used. The value for 
sharks was baaed on a range of MSY/B ratios equal to 0.04-0.15 for five species and may be low since 
no skates, which are more fecund, were included. Total MSY for the Gulf of Mexico may therefore be 
in the range 16,000 to 25,000 tons/year (Table 23). 

As far as can be determined, the present catch of some of the larger sharks in inshore waters of 
the Gulf may be nearing MSY. Species which are probably being harvested at or near MSY are bull 
shark (Carcharhinus leucas), lemon shark (Neqaprion brevirostris) and dusky shark (Carcharhinus 
obscurus^ The smaller species are not yet in any danger of over-exploitation. The 1978 estimated 
catch of skates and rays (2,500 tons) is near to their MSY, but the stocks are not believed to be over- 
exploited since: (1) the current biomass probably still exceeds B^ y , (2) some proportion of the skates 
and rays discarded by trawlers survives, and (3) the MSY estimate is a conservative one. In general, 
relative changes in biomass and/or fishing mortality were recommended (Gulf of Mexico FMC, 1979) as 
more useful stock evaluation criteria than changes in yield relative to MSY since the model predicts 
yield on an equilibrium basis. This is because shark populations take so long to "adjust 11 to gradual 
changes in fishing effort such as those which have taken place in the Gulf of Mexico during the last 10- 
20 years largely as a result of increased recreational fishing. 

Applying the formula MSY =0.075 B, to the standing stock estimates of Bullis et ai. (1971) and 
inshore (<200 m) and offshore area estimates for the entire WECAFC region (2.0 million and 13.4 
million km 2 , respectively) produced maximum potential yield estimates of 28,000 tons for inshore shelf 
areas and 17,000 tons offshore. Assuming present catch is in the order of 20,000 tons, twice the 
reported catch in area 31, this resource is underutilized. Full utilization of shark resources requires the 
production of marketable shark products. 
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There seem to be very few obstacles preventing the harvest of sharks. Exploratory fishing surveys 
conducted between 1968 and 1970 by FAO off the northeast coast of South America with setlines, 
handlines and longlines produced substantial catches of shark, mostly Carcharhinus limbatus and 
Carcharhinus porosus (Kleiin. 1974). Catches in excess of 200 kg/hr were obtained with handlines in the 
more productive areas. Brazilian surveys in 1971-1973 confirmed the presence of large sharks in 
coastal waters between 6 40'S and 8 50'S (Vieria Ferreira, undated MS). 



Table 21 

Estimated 1978 catch of inshore shelf elasmobranchs 
in U.S. Gulf of Mexico ('000 tons) 



Source 


Large 
sharks 


Small 
sharks 


Skates 
<3c rays 


Total 


Recreational fishing 


1.7 U 


0.7 !/ 


0.5 


2.9 


Trawl fishery discards I/ 


0.8 


1.6 


2.0 


4.4 


Other J 


0.2 


0.1 


- 


0.3 


TOTAL: 


2.7 


2.4 


2.5 


7.6 



Source; Gulf of Mexico Fishery Management Council, 1979 

I/ Estimate based on 1977-78 NMFS Billfish/Shark survey 
(sharks larger than 10 kg) 

2/ Estimate based on interviews 

3/ Estimate based on 1974-77 NMFS Shrimp Discard Study 

4/ Includes commercial fishery, by-catch from snapper-grouper 
fishery, and miscellaneous sources of mortality 



Table 22 

Estimated biomass of large and small sharks and skates and rays 
in inshore and offshore waters of the U.S. Gulf of Mexico 





BIOMASS (in '000 tons) 


Inshore 


Offshore 


Total 


Large (t > 5 yrs) sharks 


75 


20 


95 


Small (t m <5 yrs) sharks 


75-150 


20-40 


95-190 


Skates and rays 


25-50 


- . 


25-50 


TOTAL t 


175-275 


40-60 


215-335 



Source: Gulf of Mexico FMC, 1979 
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Tabto 23 

Estimated maximum sustainable yields for sharks, skates and rays 
in the U.S. Gulf of Mexico 





MSY ('000 tons) 


Inshore 


Offshore 


Total 


Large sharks 


5.6 


1.5 


7.1 


Small sharks 


5.6-11.2 


1.5-3.0 


7.1-14.2 


Skates, rays 


2.0-20.6 


- 


2.0- 3.8 


TOTAL: 


13.2-20.6 


3.0-4.5 


16.2-25.1 



Source: Gulf of Mexico FMC, 1979 
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CHAPTER 4 i REEF FISH 

Demersal fish populations which inhabit reef areas in the Western Central Atlantic are composed 
of a large number of species which can be grouped into two management units, shallow-water reef 
species and deep-water reef species. The shallow-water fauna is more diverse, and is composed of 
smaller species such as grunts, squirrel-fish, parrotfish, groupers and snappers. These stocks are 
harvested primarily with fish traps on island shelves and oceanic banks throughout the Caribbean. In 
deeper water near the shelf edge, the smaller species of snapper and grouper are replaced by species 
such as silk snapper, blackfin snapper, vermillion snapper and groupers belonging to the genera 
Mycteroperca and Epinephelus. The deep-water fauna is also harvested in traps, but the most common 
gear is the handline. Major fisheries exist in the northern Gulf of Mexico and on Campeche Bank with 
some additional fishing off the coasts of the southeastern U.S., Central and South America and in the 
Caribbean islands. Exploratory fishing surveys have demonstrated the presence of significant under- 
utilized deep-water snapper and grouper resources on island shelves and offshore banks in the Caribbean 
(Wolf and Chislett, 1974; Sylvester, 1974; Thompson, 1978; Boardman and Weiler, 1980). 

Reef fish populations share several biological characteristics which make them vulnerable to low- 
intensity fisheries and which justify the inclusion of such a wide variety of species in a single 
management unit. In general, they are long-lived species with low growth rates. They are also very 
sedentary, maintaining residence on a single reef and only making daily short-range migrations to and 
from adjacent feeding areas. Also, population size is often limited by the amount of available reef 
habitat and recruits may be derived from the transport of planktonic larvae from "upstream" reefs 
(Huntsman and Manooch, 1978). Coral reefs exist as productive "oases" in otherwise infertile tropical 
waters, but since most of the energy produced by the ecosystem is recycled within it, there is 
theoretically little left over to support sustained yields (Stevenson and Marshall, 1974). It comes as no 
surprise, therefore, that intense exploitation of the shallow-water reef fauna with traps has resulted in 
low catches, changes in species composition, and reduced mean sizes at capture in such locations as the 
Jamaican south coast (Munro et al., 1971). Similar trends have been observed for deep-water snappers 
in the Gulf of Mexico (Allen ancTTishiro, 1976). 

It is difficult to document catches of demersal reef fish in the WECAFC area due to the great 
variety of species which are landed. Only a few individual species are identified. Reported commercial 
landings of grunts, snappers, and groupers averaged 72,000 tons during 1970-78 in statistical area 31 
(Table 4). The actual commercial catch of reef fish is probably much higher since other species are not 
included and since a large but unknown proportion of the artisanal catch is not reported. Munro (1977) 
estimated a 1966 catch of about 100,000 tons of neritic species from island shelves and offshore banks 
in the Caribbean and Bahamas. U.S. recreational catches of 30,000 tons (grunts, groupers, sea bass, 
porgies and snappers) were reported from the Gulf of Mexico and the South Atlantic Bight in 1975 
(Deuel, unpublished data). Although this last estimate may be exaggerated, there is little doubt that 
the U.S. recreational catch of snapper and grouper exceeds the U.S. commercial catch (6,800 tons in 
1977). Total reported Brazilian landings of reef species averaged 11,600 tons between 1970 and 1978 
(Table 24). Most of this catch was presumably from the WECAFC region. 

United States 

According to Allen and Tashiro (1976), the U.S. commercial snapper-grouper fishery started in 
Florida in 1830-1840. By the early part of this century, the fishery had expanded to include most of the 
grounds in the Gulf of Mexico, including Campeche Bank. The use of the fathometer and the conversion 
to mechanical reels permitted fishing in deeper water by the late 1940* and 1950s. The US. fishery 
moved from Campeche to Honduras and Nicaragua in 1964, and to Colombia in 1970. By 1974, grounds 
in the South Atlantic Bight and the Bahamas were being exploited. Most of the U.S. catch is taken with 
handlings in depths up to 140 fms, although 15-60 fms is the most productive zone. At least 17 species 
of snapper and 15 species of grouper are harvested from the Gulf and other species are caught as 
Incidental catch. 

Total US. eomnwcial landings (all reef species) were stable at about 9,000 tons during 1957-1976 
xcMt for a short period of higher production in 1964-65, whan the US. fleet was actively fishing red 
ntppw on tt* Cwnpich* Banks. Over half the US. catch of red snapper was taken from foreign shores 
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in 1966, but less than 13% was derived from waters outside the U.S. after 1973 (Gulf of Mexico FMC, 
1979a). Red snapper (referring to several species, but mostly Lutjanus campechanus) accounted for 41% 
of the U.S. commercial landings during 1972-76, grouper and scamp 34%, and jacks 10%. Most of the 
snappers in the Gulf of Mexico are currently harvested in the north central Gulf while most groupers 
are cftught on the west coast of Florida. Reported U.S. commercial landings of snapper and grouper in 
statistical area 31 ranged from 6,900 to 9,500 tons a year between 1970 and 1978 (Table 25). 

A fleet of Cuban vessels on the Florida shelf harvested between 1,600 and 2,300 tons a year 
between 1971 and 1975. Cuban fishing vessels have operated off Florida and Mexico at least since the 
1850s (Tashiro and Coleman, 1977). Total Cuban catch reached a high of 5,000 to 7,000 tons in the 
1940s and 1950s (Gulf of Mexico FMC, 1979a). The principal gear since 1965 has been the longline and 
the principal species captured is the red grouper (Epinephelus morio). Cuban vessels have been 
restricted from U.S. waters in recent years. 

A relatively small U.S. commercial reef fishery is based in the South Atlantic Bight. Landings 
fluctuated irregularly between 1967 and 1973 and averaged 2,200 tons a year. Total commercial 
landings in 1977 were 2,550 tons: species of grouper and snapper accounted for 2,000 tons., Total 
recreational landinga from this area were estimated at 4,400 tons in 1977 (South Atlantic FMC, 1978). 
Two important species in the offshore headboat fishery which do not extend south of Florida are porgy 
(Paqrus paqrus) and black sea bass (Centropristis striata). The reef fauna in, the South Atlantic is 
sharply divided into a tropical fauna along the shelf edge (70-200 m) and a migratory nearshore (30-70 
m) fauna which is associated with zones of invertebrate and algal growth near rock outcroppings, the 
so-called "live-bottom" habitat. Seasonably cold temperatures preclude the survival of the shallow- 
water reef fauna typical of tropical waters (Huntsman and Manooch, 1978). 

Mexico 

Average annual east coast Mexican catches of snapper and grouper in 1970-78 were 3,300 and 
11,800 tons respectively (Table 26). All reported grouper landings and 60% of the snapper landings in 
1963-72 were landed in the states of Yucatan, Campeche and Quitana Roo (Klima, 1976a) and were 
assumed to come from Campeche Bank. Applying these estimates to the 1970-79 commercial catch 
from Campeche Bank produced a total average annual catch in 1970-78 of 14,000 tons of snapper and 
grouper for the Mexican fleet operating on the Bank. Total Mexican landings of snapper and grouper 
have been fairly stable over the past six years: Lutjanus campechanus accounts for two-thirds of the 
Mexican snapper catch. Current reported grouper (E. morio) landings in Cuba are less than 4,000 tons 
and presumably were largely caught on Campeche Bank. The average Cuban catch of grouper from 
Campeche between 1967 and 1974 was 4,700 tons (Klima, 1976a). Currently, therefore, the total annual 
catch of snapper and grouper from the Bank is estimated to be 8,000 tons. This estimate does not 
include other demersal species caught with handlines or longlines or any fin fish caught incidentally by 
shrimp trawlers. 

Soviet and Cuban trawlers were active on the Banks in the late 1940s and early 1970s and 
produced over 50,000 tons of grunts in 1972 and 1975, but since 1976 trawl fishing has been suspended. 
Klima (1976a) reported that an estimated one-third of the 1973-74 Cuban trawl catches was composed 
of snapper and grouper (24% snapper). The total catch of snappers and groupers on Campeche Bank may 
have reached 30,000-40,000 tons in 1972 and 1975 and presumably included a large proportion of small 
fish. The impact of large-scale trawling operations on reef fish populations must be considerable, even 
though the rugged bottom areas on the shelf slope are not trawlable. The discards and unreported by- 
catch of commercial shrimp trawlers are additional sources of fishing mortality which must be 
considered. No assessment of this fishery which properly considers all of these components of the total 
catch of reef species has been published. 

Central America 

Catches of snapper and grouper by U.S. vessels which fished off the coast of Honduras and 
Nicaragua during 1965-71 reached 1,300 tons (Allen and Tashiro, 1976). No catches are reported by the 
Central American countries from this area, although Arostegui (MS) reported exploratory catches of 
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snapper and grouper (60-140 m) off Nicaragua. Venezuela has reported annual catches of 1,000-1,5000 
tons of grouper and almost 4,000 tons of snapper in recent years. Recently, Venezuelan snapper vessels 
have been operating off French Guiana. 

Brazil 

Total reported Brazilian landings of snapper and grouper averaged 11,600 tons between 1970 and 
1978 (Table 24). Twenty percent of this production was the snapper (Lutjanus purpureus), 32% was 
yellowtail snapper (Ocyurus ocyurus). and 32% was the grouper (Epinephelus morio). It is assumed that 
most of this catch came from areas of hard bottom (rock, coral) north of 10 S latitude. Snapper have 
been harvested on the north coast of Brazil since 1961 with longlines. Initial high catches attracted a 
larger number of vessels and landings increased rapidly to 4,860 tons in 1967, then declined to 1,900 
tons in 1970 (Programa de POP do Brasil, 1978). Since 1970, reported landings have again increased to 
6,570 tons in 1977 (Table 27). Landings of E. morio declined from 3,000 tons in 1970 to less than 2,000 
tons in 1976, but reached 4,000 tons in 19?7 and 1978 (Table 24). A similar recovery was noted for 
yellowtail snapper. Red snapper landings reported by SUDEPE (Table 27) were higher than landings 
reported by FAO (Table 24). 



Caribbean Islands and continental shelves 

Assessments of the demersal reef fish resources in the Caribbean have been hindered by the lack 
of reliable effort statistics for the different gears used to harvest these stocks and the multiplicity of 
exploited species. The problem of collecting reliable effort data is compounded by the need to 
standardize effort relative to the fishing power of different gears such as traps, handlines and longlines 
which harvest the same stocks. Management is also complicated by the fact that small populations 
inhabiting individual reefs may constitute different unit stocks. 

Munro and Thompson (1973) predicted a maximum yield of 4.1 tons/km 2 for all neritic reef species 
in Jamaica based on the relationship of catch/unit effort and effort/unit area for individual Jamaican 
parishes. Comparing the primary productivity of the region to that which has been observed in other 
areas, Gulland (1971) predicted yields between 1-10 tons/km 2 of shelf area in the Western Central 
Atlantic and speculated that one-eighth to one-quarter would be composed of demersal species and 0.1- 
0.2 tons/km 2 would be snappers and groupers. Applying these proportions to Munro's estimated 
maximum yield of 4 tons/km 2 , Klima (1976) speculated that 0.5-1.0 tons/km 2 of demersal species and 
0.1-0.2 tons/km 2 of snapper and grouper could be harvested by active demersal fisheries on reefs and 
shelf areas in the region. Munro (1977) considered 1.1 tons/km 2 as an average catch rate typical of 
active demersal reef fisheries in the Caribbean. Applying catch rates of 1.0 tons/km 2 and 0.2 tons/km 2 
to area estimates (depths < 200 m), and assuming a 50% reduction in yield for the Bahamas where 
primary productivity is lower, produced estimates of potential yield for mainland shelf areas of Central 
and South America (not including the Guianas and Brazil) and insular shelf areas and banks of 275,000 
tons-2/and 280,000 tons, respectively, for all demersal species and 55,000 tons for snapper/grouper in 
each area. 

Potential yield estimates based on such broad generalizations are not very reliable. A maximum 
catch rate of 4 tons/km 2 for all neritic species may not be sustainable in a closed ecosystem like a 
coral reef where most of the production is recycled and is not available to support extensive 
exploitation. An average yield of 1 ton/km 2 for demersal species seems more reasonable. Assuming 
280,000 tons does represent a conservative estimate of potential yield for demersal reef fisheries in the 
Caribbean, present production (estimated at 100,000 tons in 1968 by Munro, 1977) could at least be 
doubled. Although reliable catch statistics were not available, a large percentage of the catch of reef 
species in the Caribbean is probably snapper and grouper. Exploratory fishing has shown that 
snapper/grouper stocks in deeper water and on offshore banks are under-utilized. 

3/ Only a small proportion of the estimated 275,000 tons for Central and South America would be 
reef species given the extensive areas of soft bottom off Colombia and Venezuela 
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The use of an average catch rate to estimate potential yield for the entire region area obscures 
differences in productivity between different areas. FAO exploratory fishing surveys conducted on 
insular and continental shelves and offshore banks in the Caribbean during 1967-71 with headlines and 
traps (Kawaguchi, 1974; Wolf and Chlslett, 1974) demonstrated considerable regional variation in catch 
rates. Handline fishing, conducted primarily in deeper water along shelf edges for snapper with 
mechanical and electric reels, produced high average catch rates south of Jamaica and between 
Hispaniola and the Virgin Islands and very low catch rates in the Windward Islands (Table 28). Munro 
(1974), however, estimated handline catch rates of only 1.0-1.2 kg/line-hour on the shelf slope of Pedro 
Bank. The highest catch rates were obtained on the northeast coast of South America. Wolf and 
Chislett (1974) reported moderate catches (7 kg/pot lift) for Z -design traps on the Jamaican Banks, 
north of Hispaniola and off the coasts of Venezuela, Guyana and Surinam, higher catch rates (20 kg/lift) 
in the northern Leeward Islands and off French Guiana and low catch rates (2.5 kg/lift) from the 
Windward Islands. In a later survey in the Bahamas, handline catch rates on the shelf slope averaged 9.1 
kg/line-hour (Thompson, 1978), a high figure which casts some doubt on the assumption that per-unit 
area yields in the Bahamas are low because of reduced primary productivity. 

Southeastern U.S. 

Powles and Barans (MS) reported a mean density estimate of 2.7 tons/km 2 for trawl caught 
groundfish in areas of "live bottom" in the South Atlantic Bight. Multiplying this figure by the 
estimated area of live bottom in the area (6,500 km ) produced a bio mass estimate of about 18,000 tons. 
No attempt was made to correct the original density estimate for gear efficiency. Assuming q=0.30 
(the value applied to groundfish surveys on "normal 11 bottom areas), biomass would equal 60,000 tons. 
Assuming a total mortality rate equal to 0.50, maximum potential yield would therefore be about 15,000 
tons. 

Huntsman et al. (MS), in the absence of species-specific historical catch and effort data for 
commercial and recreational fisheries in the South Atlantic Bight, and under the assumption that reef 
fish populations in that area are not recruitment-limited, summarized published growth and mortality 
estimates for seven species or species groups (Table 29) and calculated yield-per-recruit curves as a 
function of fishing mortality. Although growth and age-at-recruitment (t ) estimates were generally 
available, natural and fishing mortality rates were not and had to be estimated as a range of values 
based on the population dynamics of similar species or minimum total mortality rates deduced from 
catch curves. Despite these assumptions, all models showed a similar response to fishing mortality (F). 
Yield-per-recruit increased rapidly until F=0.3, after which the rate of increase was minimal. Using the 
lowest natural mortality (M) estimates for the seven species examined, the models predicted that an 
average 87% of the maximum Y/R could be taken with F=0.3. Furthermore, for F=0.3, a range of t 
values ranging over a period of three to four years could be utilized without a substantial reduction ifi 
Y/R. On the basis of the 'best" estimates of actual fishing mortality rates, the authors concluded that 
most of the available yield was being taken as early as 1974 and that 20-35% increases in yield would be 
achieved only with extremely high fishing effort and reduced unit efficiency. This study provided the 
basis for recommending that the total estimated 1977 catch (commercial and recreational) of 7,000 tons 
of demersal reef species be established as the Total Allowable Catch (South Atlantic FMC, 1978). The 
1977 catch included 4,500 tons of snapper and grouper. 

Campeche Bank 

Standing stock and potential yield estimates for Campeche Bank have been reported by Klima 
(1976a). Snapper and grouper potentials were estimated from U.S. and Cuban trawl surveys (Table 30) 
and from a surplus production model fitted to 15 years of catch and effort data for the U.S. snapper 
fleet (Camber, 1955). Biomass estimates from trawl surveys were highly variable since: (1) fishing was 
directed towards snapper stocks during the 1958-59 U.S. surveys and towards groundfish stocks in 
general by the Cubans, and (2) the types of trawl used and the catchability (q) of the same gear were 
evaluated very differently by different investigators. 

Klima reported biomass estimates of 250,000 to 2 million tons for ill demersal species on the 
banks using 2 different catchability coefficients. The lower estimate (250,000 tons) was consistent with 
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standardization procedures used to deduce density estimates from trawl catch rates in other areas of 
the Western Central Atlantic (Klima, 1976). The more conservative U.S. snapper/grouper biomass 
estimates were 136,000 tons (Table 30) and indicated a much higher snapper to grouper ratio. Cuban 
surveys predicted a snapper/grouper biomass of about 300,000 tons and the average from all surveys was 
267,000 tons. 1974-75 Cuban estimates varied by a factor of 2.5 depending on which q estimate was 
used. Potential yield was estimated from Gulland's yield equation for two values of total mortality (Z = 
0.20 and 0.40) and varied from 20,000-40,000 tons for snapper and 8,000-16,000 tons for grouper. These 
values were very approximate given the crude nature of the biomass estimates and the rather arbitrary 
values for the total mortality rates. 

Camber (1955) fitted a linear surplus production model to 1937-1951 catch/unit effort and effort 
data for the U.S. snapper fleet. Klima (1976) doubled catch and effort figures to account for Cuban 
and Mexican activity and predicted a MSY of 4,800 tons of snapper and grouper from the same data. 
This result was clearly erroneous since the reported Mexican and Cuban catches of grouper alone 
surpassed 18,000 tons in 1972. No correction was made for changes in fishing power and the data were 
collected after the fishery had already become well established. Thus, the predicted yield curve was 
forced through a cluster of points near its maximum point. 

Melo (1976) calculated growth and mortality rate estimates for Epinephelus morio on Campeche 
Bank which were used by Klima (1976a) to construct a yield-per-recruit model. Melo estimated a total 
mortality rate of 0.48 from age composition data and set natural mortality equal to 0.15-0.24. The 
mean age-at-first capture in 1974 was two years. Using K=0.11 and Lo>= 93 cm, the model predicted, 
for either value of M, that Y/R could be nearly doubled by increasing t to six years. The yield 
isopleths also showed that Y/R will decrease if fishing mortality increases afid t does not. On the basis 
of these results, Klima (1976a) estimated a potential yield of 35,000 tons for red grouper, about twice 
the observed 1972 catch of 19,000 tons. This estimate seems reasonable since potential yield estimates 
based on trawl surveys were clearly too low and since the growth and mortality parameters used for E. 
morio were generally within the range used by Huntsman and Manooch to predict Y/R for reef species 
on the southeast coast of the U.S. (Table 29). 

U.S. Gulf of Mexico 

Attempts to fit surplus production models to 1965-1974 catch (Table 31) and effort data for the 
U.S. and Cuban commercial snapper/grouper fisheries and the U.S. recreational fishery (Gulf of Mexico 
FMC, 1979a) were inconclusive given: (1) the poor effort estimates for the recreational fishery, (2) the 
difficulty in combining commercial and recreational effort statistics, and (3) the poor fit of the model 
to a limited range of total effort estimates. Furthermore, total commercial effort estimates ignored 
the fact that the Cuban fishery is principally a longline fishery, whereas U.S. fishermen use handlines. 
Effort statistics for the two commercial fleets (Table 32) were based on the number of U.S. fishermen 
and assumed that each fisherman fished 200 days a year. 

Maximum yield estimates were also calculated (Gulf of Mexico FMC, 1979a) from average and 
maximum catch rates reported from exploited reefs north and south of Jamaica (Munro and Thompson, 
1973) and an estimate of the amount of habitable and fishable reef area in the Gulf (3.9 x 10" km 2 ). 
Assuming that the higher Jamaican value (3.7 tons/km 2 ) more closely approximated a stock density 
estimate and assuming a total mortality rate of 0.50, Ymax estimates ranged from 14,000 to 37,000 
tons. Applying an average catch per unit area value of 1 ton/km 2 and 0.1-0.2 tons/km 2 for snapper and 
grouper (Guiland, 1971) produced a Y max estimate of 39,000 tons of demersal reef species and 4,000- 
8,000 tons of snapper/grouper. 

The estimated U.S. commercial catch from the Gulf of Mexico in recent years has been about 
4,000 tons. Recreational landings of reef fish were estimated at 10,000-15,000 tons for 1974 and 1975, 
respectively (Gulf of Mexico FMC, 1979a; Deuel, unpubl.data). The great majority of these landings 
were snapper and grouper. The Cuban fleet has not been active in U.S. waters in the last few years. 
Maximum yield estimates based on biomass figures suggested that the total resource could sustain 
additional fishing effort, but that snapper and grouper stocks may, in fact, be overexploited. This 
conclusion is supported by the fact that the average catch/vessel and mean size-at-capture for snapper 
have declined In recent years (Allen & Tashiro, 1976) even though U.S. commercial landings of snapper 
have remained stable. 
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Brazil 

An exponential surplus production model has been fitted to 1964-77 catch-per-unit-effort and 
effort data (Table 27) for the Lutjanus purpureus stock in northern Brazil (Programa de POP, 1978). 
Effort was estimated as the number of hook-hours. The predicted yield curve fits the data fairly well 
(Figure 5) and data were available from the early years of the fishery. Catch-per-unit-effort estimates 
for the years 1964 and 1965 were very high and were omitted from the regression analysis. MSY was 
estimated at 5,800 tons and f MSY at 13 x 10 * hook-hours. Catch reached a peak of 4,860 tons in 1967 
and then remained below 4,000 tons until 1973. Recent catches have been near or have exceeded MSY, 
but the reported 1977 effort was far greater than the amount predicted to produce MSY. 



Table 24 

Reported 1970-78 Brazilian landings of reef fish, in '000 tons 



Year 


Brazilian 
groupers 
(Mycteroperca 


Red 
grouper 
(Epinephelus 


Groupers 


Red 
snapper 
(Lutjanus 
purpureus) 


Yellowtail 
snapper 
(Ocyurus 
chrysurus) 


TOTAL 


spp.) 


morio) 


1970 


1.1 


3.1 


2.1 


1.4 


2.1 


9.8 


1971 


1.0 


3.2 


2.4 


2.2 


2.4 


11.2 


1972 


1.2 


3.1 


2.6 


3.8 


3.3 


14.0 


1973 


1.6 


2.5 


1.7 


2.8 


3.9 


12.5 


1974 


0.6 


1.8 


1.0 


3.5 


2.9 


9.8 


1975 


0.7 


2.0 


1.4 


3.2 


3.4 


10.7 


1976 


1.2 


1.7 


1.5 


1.6 


2.3 


8.3 


1977 


2.2 


4.0 


1.9 


2.7 


4.0 


14.8 


1978 


1.6 


4.2 


0.6 


2.6 


4.2 


13.2 



Source; FAO Yearbooks of Fishery Statistics 

Note: Catch figures for red snapper reported by FAO are considerably lower than catch 
figures in Table 27 



-37- 



Tabte 25 

Total reported 1970-78 U.S. commercial landings of snapper and grouper 
in statistical area 31, in '000 tons 



Year 


Groupers 


Red 
Snapper 


Other 
Snappers 


TOTAL 


1970 


3.9 


4.1 


0.9 


6.9 


1971 


3.7 


5.1 


0.7 


9.5 


1972 


3.7 


4,1 


0.8 


8.6 


1973 


3.4 


4.0 


0.9 


8.3 


1974 


3.6 


3.6 


0.9 


8.1 


1975 


3.7 


3.8 


1.1 


8.6 


1976 


4.3 


4.1 


1.1 


9.5 


1977 


3.2 


2.8 


1.1 


7.1 


1978 


3.2 


2.5 


1.2 


6.9 



Source: FAO Yearbooks of Fishery Statistics 



Table 26 

Reported annual 1970-78 commercial landings of snapper and grouper 
from the east coast of Mexico, in '000 tons 



Year 


Red 
Grouper 
(E. morio) 


Other 
Groupers 


Red 
Snapper 

(k- 
campechanus) 


Other 
Snappers* 


TOTAL 


1970 


8.7 


0.3 


2.3 


0.6 


11.9 


1971 


10.3 


0.4 


2.0 


1.1 


13.9 


1972 


13.8 


0.4 


2.8 


1.2 


18.2 


1973 


11.7 


0.6 


2.3 


1.2 


15.8 


1974 


12.9 


0.4 


2.1 


1.1 


16.5 


1975 


11.6 


0.4 


1.9 


1.7 


15.6 


1976 


10.6 


0.3 


1.5 


1.2 


13.6 


1977 


11.3 


0.4 


2.0 


1.3 


15.0 


1978 


11.5 


0.5 


1.8 


1.7 


15.5 


MEAN 


11.4 


0.4 


2.1 


1.2 


15.1 



Sourost FAO Yearbooks of Fishery Statistics 

* Ocyurus chrysurus. Lut Janus synaqrts and other Lutjanidae 
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Table 27 

Catch 9 fishing effort and catch-per-unit-ef fort for snapper (Lutjanus purpureua) 
on the north and northeast coasts of Brazil, 1964-1977 



Year 


Catch 
(tons) 


Fishing effort 
('000 hook-hr) 


Catch-per- 
unit-effort 
(kg/hook -hr) 


1964 


946 


326 


2.90 


1965 


2,870 


1,076 


2.67 


1966 


3,523 


3,561 


0.99 


1967 


4,862 


6,575 


0.74 


1968 


3,440 


4,104 


0.74 


1969 


3,004 


3,984 


0.75 


1970 


1,912 


3,659 


0.52 


1971 


2,170 


4,255 


0.51 


1972 


2,414 


5,888 


0.41 


1973 


4,261 


6,456 


0.66 


1974 


4,943 


5,682 


0.87 


1975 


5,861 


9,158 


0.64 


1976 


5,686 


8,900 


0.64 


1977 


6,569 


23,464 


0.28 



Source: Programa de Pesquisa e Desenvolvimento Pesqueiro do Brasil, 1978 



Table 2B 

Average catch rates calculated from 1967-1970 FAO exploratory handline fishing 
on the shelf slope* in various locations in the Caribbean and South America 



Location 


Hours 
fished 


Catch rate 
(kg/line-hr)* 


South coast of Jamaica and offshore banks 

, 


1,605 


7.0 


Hispaniola to Virgin Islands 


412 


6.7 


Leeward Islands 


488 


5.4 


Windward Islands 


266 


0.7 


Northeast coast of South America 


567 


8.7 


TOTAL: 


3,460 


5.9 



Source; Kawaguchi (1974) 

* Originally calculated as weighted mean catch per line 
equalized to 10 fishing hours/day 
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Table 29 

Instantaneous growth and natural mortality rate estimates 
for reef fish species in the southeastern U.S. 



Species 


Growth 
K 


Natural 
mortality 
M 


Methods 


Paqrus paqrus 
(red porgy) 

Rhomboplites aurorubens 


0.10 
0.20 
0.11 

0.09- 
0.33 

0.09- 
0,22 

0.11- 
0.17 

0.12 


0.20- 
0.35 

0.20- 
0.40 

0.37- 
0.57 

0.20 

0.30- 
0.50 

0.15- 
0.24 

0.20- 
0.35 


Higher M estimated from catch curves, lower M 
inferred from M/K ratio for similar species 

M inferred from age and growth estimates 

Higher M estimated from catch curves, 
lower M inferred from growth rate 

Higher K estimate unsatisfactory, 
lower K for L. gurpureus. 


(vermillion snapper) 
Haemulon plumieri 


(white grunt) 

Lutjanus campechanus 
(red snapper) 

Centropristis striata 


M based on lower K estimate 

Higher K estimate preferable, 
M estimated from higher K value 

M estimated from catch curves 

M estimated from age and growth estimates, 
lower M value more likely 


(black sea bass) 
Epinephelus morio 


(red grouper) 
Mycteroperca microlepis 

(gag) 



Source: Various authors, summarized in Huntsman et al. (MS) 



Table 30 

Standing stock and potential yield estimates of snapper, grouper and other demersal species 
on Campeche Bank, based on U.S. and Cuban trawl surveys, in *000 tons 



Species 


U.S. Survey^/ 
(1958-1959) 


Average Cuban Surveys 
(1964-1975) 11 


Average 
All Surveys 


Standing Stock 


122 
14 
117 

253 

12-24 
1.5-3.0 
12-24 

25-50 


215 
97 
789 

1,101 

22-44 
10-20 
80-160 

110-220 


191 
76 
534 

801 

19-38 
8-16 
54-108 

80-160 


Snapper 
Grouper 
Other 3/ 

Total* 

Potential Yield V 


Snapper 
Grouper 
Other 

Totalt 



Source: Klima (1976a) 
II q = 0.68 

21 Surveys conducted in 1964-72 and 1974-75. Estimates for 1964-72 from Sauskan and Oiaechea 
" (1975). Estimates for 1974-75 based on q*0.68 and by adjusting SRT-M trawl (23 m headrope) 
catch rates to Bacaladaro trawl (32 m headrope) catch rates when Bacaladero q=1.0 

3/ Includes grunts, porgias and other groundf ish species 

4/ Calculated from Y mtx a ' 5 ZB where z=0 ' 2 and ' 4 and Bss * x P lolt * d biomats 
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Table 31 

Estimated catch data for commercial and recreational Gulf of Mexico reef fisheries, 

1965-1974 (in tons) 





U.S. COMMERCIAL 


I/ 

CUBAN 


US. RECREATIONAL 


TOTAL GULF 


YEAR 






All 


COMMER- 






AH 






Ail 




Grouper 


Snapper 


reef 


CIAL 


Grouper 


Snapper 


reef 


Grouper 


Snapper 


reef 2 








fish 








fish 






fish^/ 


1965 


3.1 


1.6 


4.7 


0.9 


7.2 


11.4 


18.7 


11.2 


13.0 


24.2 


1966 


2.9 


1.2 


4.1 


1.2 


6.8 


10.8 


16.0 


10.9 


11.9 


21.3 


1967 


2.4 


1.0 


3.5 


1.5 


o. o 


9.9 


14.1 


10.6 


10.8 


19.1 


1968 


2.6 


1.1 


3.8 


1.5 


7.0 


8.8 


12.5 


11.1 


9.9 


17.8 


1969 


3.0 


1.1 


4.2 


1.4 


7.2 


7.6 


11.0 


11.6 


8.7 


16.6 


1970 


2.8 


.1.1 


4.0 


2.6 


7.6 


6.5 


10.0 


13.1 


7.5 


16.5 


1971 


2.9 


1.1 


3.7 


1.5 


7.7 


5.2 


9.2 


11.8 


6.3 


14.4 


1972 


2.6 


1.5 


4.2 


2.2 


7.8 


4.5 


9.3 


12.6 


6.0 


15.8 


1973 


2.0 


1.1 


3.3 


2.0 


7.8 


4.0 


10.0 


11.8 


5.1 


16.3 


1974 


2.4 


1.6 


4.1 


1.9 


7.8 


3.8 


10.5 


12.1 


5.3 


16.5 



Source: Gulf of Mexico Fishery Management Council, 1979a 
I/ Assumed to be all grouper 

2/ Rows are not necessarily additive since "all reef fish" includes all snappers, 
all groupers, and other reef fish caught incidentally to the directed fishery 



Table 32 

Estimated U.S. and Cuban commercial fishing effort, 
in '000 handline-days, for the Gulf of Mexico reef fishery, 1965-1974 



YEAR 


U.S. U 
COMMERCIAL 


CUBAN I/ 
COMMERCIAL 


1965 


440 


81 


1966 


395 


114 


1967 


369 


162 


1968 


315 


127 


1969 ' 


300 


105 


1970 


261 


156 


1971 


298 


186 


1972 


317 


166 


1973 


325 


197 


1974 


341 


158 



Source: Gulf of Mexico Fishery Management Council, 1979a 
I/ Estimated as number of fishermen x 200 days per fisherman 

2/ Total U.S. and Cuban commercial effort = 

Total commercial catch/U.S. catch-per-unit-effort 
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CHAPTER 5: COASTAL PELAGICS 

This group has been loosely defined to include species which inhabit coastal waters of continental 
or island shelves. Most species school in near-surface or surface waters during at least part of their life 
cycle. One sub-group, composed of clupeid and small carangid species, is characterized by small size, 
short life spans, and planktivorous feeding habits. These species are preyed upon by larger fish, birds 
and marine mammals and generally migrate to some extent in coastal waters. A second sub-group 
includes larger, longer-lived pelagic predators such as the mackerels (Scomberomorus spp.), and bluefish 
which migrate long distances. 

With the possible exception of the mackerels, all the coastal pelagic stocks in the WECAFC area 
are under-utilized. Except for menhaden (see Chapter 6), the pelagic resources represent the largest 
potential for increased exploitation in the Western Central Atlantic. Bullis et al. (1971) speculated that 
the total pelagic biomass in the WECAFC area could be as high as 10 million tons, and Gulland (1971) 
estimated a potential yield of 2.5 to 3.2 million tons. These estimates cannot be verified, however, 
until a great deal more information is available upon which to determine stock identities and base 
estimates of resource potential for individual stocks. Aside from some biomass estimates for pelagic 
stocks in the eastern Gulf of Mexico, and yield estimates for mackerel in U.S. and Mexican waters, very 
little specific information exists. 

Assuming that substantial pelagic resources do exist in the region, it may not be practical to 
harvest them until such time as suitable gear is available and/or the market demand improves. 
Increased utilization of the smaller, more abundant, species requires canning or the production of fish 
meal and oil. The failure of Soviet vessels to develop a viable pelagic fishery in the Western Central 
Atlantic in the 1960s implies that large concentrations of fish were not found (Reintjes, 1979a). 

A major problem which hinders the evaluation of pelagic resources in the WECAFC area is the 
lack of reliable catch statistics. Reported landings of mullet, jacks, Spanish sardine, thread herring, 
Spanish mackerel and various clupeids and anchovies averaged 118,600 tons between 1970 and 1978 and 
reached 151,000 tons in 1972 (Table 4). Reported 1978 landings were only 94,500 tons. Reintjes (1979) 
has noted that only ten WECAFC countries reported landings of any clupeid or carangid species in 1976 
and estimated that less than 10% of the total catch was being reported. If this is true, actual catches 
of these stocks may be as high as 1.0 to 1.5 million tons. 

Spanish sardine (Sardinella anchovia = aurita) are abundant along the Gulf coast of the U.S. and 
Mexico (Reintjes, 1979), but there is no directed fishery for them. A small U.S. bait fishery landed 
1,000 tons in 1978. Mexico reported landings exceeding 1,000 tons in 1976 and 1977 and foreign fleets 
(Poland, U.S.S.R.) reported annual catches of 3,000-4,000 tons from area 31 in 1975 and 1976 (FAO, 
1979). Aside from menhaden, the major directed pelagic fishery in the area is for Spanish sardine in 
northeastern Venezuela. A second species (S. brasiliensis) has been reported, but separate catch 
statistics are not recorded. Schools are harvested with haul seines within 5-10 miles from shore by a 
fleet of small, motorized vessels. Small quantities of Atlantic thread herring (Qpisthonema oqlinum) 
and anchoveta (Centenqraulis edentulus) are caught by the same gear. Until 1965, over 80% of the 
catch was from the Gulf of Cariaco, but since then the fishery has expanded to other coastal areas 
(Griffiths & Simpson, 1972). Reported sardine landings averaged about 42,000 tons between 1961 and 
1978 with a record high of 55,000 tons in 1972 and a low of 24,300 tons in 1974 (Table 4). Most of the 
catch is canned, and some is converted into fish meal. The distribution and seasonal occurrence of 
sardines is apparently related to the upwelling of colder water as equatorial currents enter the 
Caribbean. Reliable catch and effort data for this fishery do not exist. With the exception of poor 
harvests in 1974 and 1978, reported landings have been extremely stable in this fishery in recent years. 

Griffiths & Simpson (1972) reported that Spanish sardine probably reach a maximum age of five 
years and are recruited to the fishery in May at a length of 14 cm, the size corresponding to one-yosr- 
old fish. Most of the catch consisted of fish between one and three years of age. Sexual maturity was 
apparently first attained at some length less than 14 cm. Spawning intensity was highest in the early 
and late months of the year. 

Atlantic thread herring (Qpisthonema oqlinum) are currently harvested as in incidental ipeciea in 
the US. menhaden fisheries and the Venezuelan sardine fishery. Thread herring landings ranged from 



-43- 



1,000 to 4,000 tons a year in Venezuela betwen 1975 and 1978 and from 700 to 8,000 tons in the U.S. 
during the same period (FAO, 1979). Cuba has also reported landings in recent years (2,400 tons in 
1978). Total reported landings in statistical area 31 averaged 7,300 tons from 1974 to 1978, but 
Reintjes (1979) estimated that the total catch in the WECAFC region is between 30 and 50 thousand 
tons. Atlantic thread herring and bumper (Chloroscombrus chrysurus) are the principal species caught 
by the coastal fishery of northeastern Brazil. Fifteen thousand tons of thread herring were landed by 
three vessels during a short-lived attempt to develop a commercial purse-seine fishery in Florida in 
1967-68. 

Reported commercial landings of mullet (Mugil spp.) in area 31 were 25,600 tons in 1978 (Table 4). 
The U.S. accounted for 56% of all 1978 landings, followed by Mexico (19%) and Venezuela (19%). The 
principal reported species was Muqil cephalus. A few Brazilian mullet (Muqil brasiliensis) were reported 
from Venezuela and Colombia. 29,000 tons of mullet were landed in Brazil in 1978, but the proportion 
that was harvested north of 10 S latitude was unknown. Paiva et al. (1971) reported an average annual 
production of 5,300 tons of mullet from northern Brazil in T$tf-68, about a quarter of the total 
reported Brazilian catch in those years. Deuel (unpublished data) estimated a 1975 recreational catch 
of 3,100 tons in U.S. waters in the WECAFC area. 

Of the many species of jacks (Carangidae) which are exploited in the region, catch statistics are 
reported for moonfish (Selene setapinnis), blue runner (Caranx crysos), jacks (Caranx spp,), pompano 
(Trachinotus spp.), amberjacks (Seriola" spp.), bigeye scad (Selar crumenophthalmus) and butterfish 
(Peprilus spp.). Most of the reported catch in area 31 (10,900 tons a year in 1976, 1977 and 1978) was 
composed of undifferentiated Caranx species, bigeye scad and moonfish. 6,750 tons of Caranx species 
were reported from Brazil in 1978. U.S. recreational landings of jacks in 1975 were estimated to be 
5,250 tons (Deuel, unpublished data). 

Reintjes (1979) concluded that at least 28 species of scads, jacks and related fishes are present in 
the WECAFC area and divided them into two groups. The first group was composed of smaller 
schooling fishes which feed on planktonic crustaceans and larval fish. These species are attracted to 
light and artificial structures, can be harvested with a variety of nets and can be marketed as fresh or 
frozen fish. The principal species in this group are: 

Round scad Decapterus punctatus 

Rough scad Trachurus~lathmai 

Bigeye scad Selar crumenophthalmus 

Atlantic bumber Chloroscombrus chrysurus 

Mackerel scad Decapterus macarellus 

Redtail scad Decapterus tabl 

The second group included larger, more solitary piscivorous fishes which are not as abundant and are 
principally harvested by trolling, handlining and nets. They are: 

Rainbow runner Elaqatis bipinnulata 

Blue runner Caranx crysos 

Crevalle jack Caranx hippos 

Yellow jack Caranx bartholomaei 

Horse-eye jack Caranx latus 

Bar jack Caranx ruber 

Amberjacks 55FI5TJ- PP- 

Other coastal pelagic resources which are exploited in the Western Central Atlantic include the 
mackerels (mostly Scomberomorus species), bluefish (Pomatomus saltatrix), dolphin (Coryphaena 
hippurus) and cobia (RachycentrorTcanadum). Reported commercial landings of mackerel in statistical 
area 31 were 20,000 tons in 19*8 (FAO, 1979). An additional 2,500 tons of Sconrfreromorus were 
reported from Brazil in 1978, of which an unknown proportion were caught north of 10 S latitude. The 
majority of the Scomberomorus harvested by commercial fleets in the WECAFC area were Spanish 
mackerel (S. maculatus) landed in Mexico, the U.S., Venezuela and Trinidad. King mackerel (S. cavalla) 
were also landed In the U.S., Mexico and Venezuela. A recent taxonomic revision of this genus 
(Collette & Russo, 1979) has identified a new species (S. brasiliensis) which replaces S. maculatus along 
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the continental margin from Yucatan to 30S latitude on the Brazilian coast, but reported catch 
statistics do not distinguish between the two species. A fourth species, S. regalia, is limited to the 
Caribbean islands. 

Mackerels are intensively fished by U.S. recreational fishermen in the southeastern states and the 
Gulf of Mexico. Catch statistics were extremely variable, largely reflecting the imprecise nature of 
the methodologies which have been used to estimate catch. Estimates for king mackerel ranged from 
28,800 tons in 1970 (Deuel, 1973) to 5,500 tons in 1975 (Deuel, unpublished data) and for Spanish 
mackerel from 10,300 tons in 1970 to 4,600 tons in 1975. 

Bluefish (Pomatomus saltatrix) are highly migratory and are distributed throughout the region. 
Reported 1978 landings in area 31 were only 2,200 tons, mostly from the U.S. while 11,000 tons were 
reported for the entire Brazilian coast (FAO, 1979). This species supports a substantial recreational 
fishery in the U.S. Total U.S. recreational catch in the WECAFC region was estimated at 4,000 tons in 
1975 (Deuel, unpublished data). Reported landings of dolphin (Coryphaena hippurus) in area 31 were 
1,600 tons in 1977. Total Brazilian landings reached 4,800 tons in 1978 and U.S. recreational landings 
were estimated at 3,500 tons in 1975. Catch statistics for cobia (Rachycentron canadum) were 
available from Mexico (340 tons in 1978) and the U.S. recreational fishery (1,230 tons in 1975). 



Standing stock estimates for demersal and pelagic species in the eastern Gulf of Mexico (west 
coast of Florida) were based on egg and larval surveys conducted in 1971-1974. Clupeid larvae 
accounted for 20% of all larvae collected and nearly half of the larvae which were identified to species 
belonged to four species of Clupeidae (Houde et al., 1979). The two most common species were 
Atlantic thread herring and Spanish sardine. Clupeid larvae were especially abundant in shallower 
water (< 50 m). Biomass estimates (Table 33) were calculated from mean egg and larval densities and 
fecundity estimates and varied widely between years. The variation in annual abundance of Spanish 
sardine larvae was too great to permit a reliable standing stock estimate, but biomass was believed to 
exceed 200,000 tons. Standing stocks for each of the three clupeid species and the round scad were in 
the 100,000-700,000 tons range. The total biomass of pelagic fishes in the survey area was estimated to 
be between 1.5 and 3.0 million tons. A range of potential yield estimates was calculated from biomass 
estimates for each of five species (Table 34) using Gulland's yield equation for unexploited populations 
and assuming natural mortality rates of 0.4 and 1.0. 

Yield-per-recruit models have been developed for king mackerel (Scomberomorus cavalla) and 
Spanish mackerel (S. maculatus) stocks in U.S. waters (Gulf of Mexico and South Atlantic FMCs, 1979). 
A single assessment was performed for each species. Tagging studies have suggested that separate 
stocks of king mackerel may inhabit the Atlantic and Gulf coasts (Williams & Sutherland, 1979). The 
same may be true of Spanish mackerel. King mackerel inhabit coastal waters from the Gulf of Maine to 
Rio de Janeiro, Brazil, including the Gulf of Mexico and the Caribbean. Spanish mackerel are limited to 
more nearshore waters and range from Cape Cod to Miami and in the Gulf of Mexico from Florida to 
Yucatan. Both species undergo fairly extensive migrations in response to seasonal changes in water 
temperature. Migration are both north-south and onshore-offshore. Spanish mackerel and smaller king 
mackerel form schools of similar-sized individuals. These schools are often composed of both species. 

King mackerel are large fish commonly reaching standard lengths greater than one meter. 
Females grow faster and reach a larger maximum size than males. Beaumariage (1973) developed an 
age-length key for king mackerel in Florida based on annular otolith marks and reported an age-at-full- 
recruitment of two to three years (68-78 cm) in the handline fishery and ages three to four (72-82 cm) 
in the gill-net fishery. Only a few fish older than seven years were represented in the catch data, 
although fish as old as 14 years have been reported. Major spawning occurs at age four and over in 
females (82 cm) and at age three and over in males (72 cm). Spawning seasons are protracted with 
several spawning peaks. 

The Y/R assessment for king mackerel was baaed on combined growth parameter estimates for 
male and female fish, assuming a 1:1 sex ratio in the exploited population. Growth parameter estimates 
were K=0.21, L^lOl cm, and WB9.4 kg. The calculated W w was much lower than actual maximum 
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weight since the growth parameters were estimated from a sample of the exploited population which 
was not representative of the entire stock. It was not clear why a combined K estimate of 0.21 was 
selected when Beaumariage (1973) originally reported K=0.21 for female king mackerel and K=0.35 for 
males. An average total mortality rate of 0.71 was calculated from age-frequency data for the 
commercial handline fishery given by Beaumariage (1973). Since no direct estimates of M or F were 
available, M was estimated from minimum and maximum M/K ratio values for two tropical tuna species 
(Thunnus albacares and Euthynnus pelamis). For K=0.21, the most likely range of M values was 0.3 to 
0.6 and the 'best" estimate was 0.4. The corresponding values of F were 0.41 to 0.11 and the "best" 
estimate was 0.31. The maximum age in the exploitable phase (t ) was placed at eight years and the 
age-at-first-capture (t ) ranged from one to two years. 

The relationship of Y/R at age t to F was calculated for four values of M (0.3, 0.4, 0.5, 0.6) and 
three t c values (1.0, 1.5 and 2.0 years). Predicted Y/R curves for king mackerel were very "flat" 
(Figure 6) so yield at F 0$l was selected to define maximum Y/R5/. MSY was calculated from maximum 
Y/R by estimating R (the number of annual recruits) from an average population size (R) when R was 
estimated from the number of fish caught annually in both the recreational and commercial fisheries. 
This procedure required several simplifying assumptions which seemed to hold true for mackerel stocks. 
These were: (1) that natural and fishing mortality occur simultaneously; (2) that recruitment is 
constant from year to year and continuous throughout the fishing season; and (3) that the stock is in 
equilibrium. If these assumptions are met, the average population size R is equal to the number caught 
(C) divided by the instantaneous fishing mortality rate F. The total number of recruits (R) at t is equal 
to the total mortality rate (Z) times R. Catch in numbers was calculated from the numbere of king 
mackerel landed by sports fishermen in 1970 (Deuel, 1973) plus commercial landings (converted to 
numbers caught on the basis of an estimated mean weight per fish) and from recreational landings 
estimated from local creel surveys plus commercial landings in 1975. MSY calculated from the 1975 
data was 17,000 tons based on the "best estimated of natural mortality (M=0.4) and age-at-first-capture 
(t =1.5 years), with a range of 12,400 to 24,400 tons (Table 35). Two estimates of the 1975 catch were 
8,300 and 13,900 tons, depending on which estimate of total recreational catch was used. The present 
t is at or near the value which produces MSY for M=0.4 for the commercial gill-net fishery and has 
rimained the same in recent years since no changes have been made in the mesh size used in the 
fishery. 

Spanish mackerel are smaller fish. Otolith studies (Powell, 1975) revealed maximum theoretical 
lengths (L^) of 64 cm for females and 52 cm for males. Growth rates were slightly different for the 
two sexes. An age-length key based on otolith studies by Klima (1959) predicted much smaller age I and 
II fish, but similar maximum size and age estimates. Using Powell's growth predictions, 93% of the 
commercial and recreational catch sampled in Florida in 1968-1969 was composed of fish age III or 
younger and 43% were age I fish. The fishery is principally a gill-net fishery and the age composition of 
the catch can be assumed to have changed very little since the same mesh size has been used. Spanish 
mackerel spawn repeatedly over a prolonged time period, but in shallower, more nearshore waters than 
king mackerel. 

Assessment of Spanish mackerel stock in the southeastern U.S. and U.S. Gulf of Mexico was based 
on growth parameter estimates of K=0.47 and U>*558 mm obtained by pooling Powell's (1975) length-at- 
age data for each sex into a single Walford plot of l t-H versus L. Powell's length-weight equation was 
used to estimate W 00 =1.8 kg for the combined data. A 1:1 sex ratio was assumed. Estimates of total 
mortality from a variety of sources, or from data which from Z could be calculated (Powell, 1975; 
Klima, 1959 & 1976a; Powell, unpublished data) ranged from 0.71 to 1.25. The T&est" estimate was 1.0. 
The most likely range of M values was determined from the same published values of M/K which were 
used for estimating M for king mackerel. The most likely values for M varied from 0.50 to 0.80 and for 
F from 0.20 to 0.50. The maximum exploitable age was set equal to five years. 



F is defined as the point at which an increase in F of one unit will produce an increase in Y/R 
equal to 10% of the increase per unit in Y/R at F values near zero. The Y/R at F oa is almost as 
great as at F MAX . *><* l achieved with much less effort than at F MAX 
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As was the case for king mackerel, the relations of Y/R to F for a variety of M and t values were 
"flat-topped 11 curves (Fig. 7). Maximum Y/R values were determined for F. . instead of FJ^AX an ^ the 
point of maximum yield was calculated from maximum Y/R, using 1970 and 1975 estimates of 
recruitment following the same procedure that was applied to the king mackerel analysis. For the 1975 
recruitment estimate and the "best" parameter estimates (M=0.70 and t =1.5 years), MSY was 12,400 
tons with a range of 6,200 to 22,600 tons (Table 36). The estimated 1975 ffatch was about 9,500 tons. 

The 'best 11 MSY estimates for both king and Spanish mackerel indicated that these stocks were not 
being over-exploited in U.S. waters in 1975. Given the approximate nature of both assessments, 
however, and the wide error margin associated with the recreational catch estimates, it is possible that 
mackerel stocks are being fished at or near MSY, especially if multiple stocks exist which are subjected 
to variable fishing intensity. The commercial mackerel fisheries are centered in south Florida whereas 
most of the recreational fishery is located on the west coast of Florida and in the Gulf of Mexico. 

Independent evidence suggests that king mackerel yields are approaching MSY. A decline in 
catch-per-unit-effort has been observed in the commercial handline and gill-net fisheries in south 
Florida. Mean catch per handline boat dropped from 16.6 tons in 1970 to 5.4 tons in 1975 (South 
Atlantic & Gulf of Mexico FMCs, 1979) while effort increased from 100 to 300 handline boats and from 
12 to 36 gill-net vessels between 1969 and 1976. Catch-per-unit-effort data for the gill-net fishery 
were not as reliable since effort in this fishery has been more affected in recent years by the increasing 
use of power rollers, electronic fish finders, monofilament nets and the use of spotter aircraft. There 
were about BO gill-net vessels in the fleet, fishing for both king and Spanish mackerel, in 1979. A 
similar increase in recreational fishing activity was inferred from a mean annual increase of 9.5% in the 
number of 16-25 foot boats registered in Florida between 1965 and 1975 (South Atlantic & Gulf of 
Mexico FMCs, 1979). Limited data indicated a decline in the recreational CPUE since the early 1970s. 
Comparable information for either the commercial or recreational Spanish mackerel fisheries was not 
available. 

Doi & Mendizabal (1979) have assessed Spanish mackerel on the Mexican coast and concluded that 
present yields (5,000 tons) could be doubled without depleting the stock as long as the age composition 
remains the same. This analysis was based on a much lower growth rate estimate (K=0.14) determined 
from otolith studies, but estimated total and natural mortality rates were identical to those used to 
calculate MSY for the U.S. stocks (Z=0.90; M=0.70). Klima (1976a) calculated Z rates of 1.20 and 0.77 
from age-frequency data from the same fishery for 1966-67 and 1973-74. He used growth estimates of 
KsO.24, 1^76 cm, W 00 =2.7 kg, t =2 years and M estimates of 0.3 and 0.4 to predict that maximum Y/R 
could be increased by 10-25% fallowing an increase in t c to three years and concluded that the stock 
appeared to be nearly fully exploited. 
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Table 33 

Annual standing stock estimates for coastal pelagic species 
in the eastern Gulf of Mexico, based on egg and larval surveys 



Species 


Year 


Standing 
Stock 
('000 t) 


Source 


Etrumeus teres 


1971-72 
1972-73 


718 

131 


Houde, 1977 
.Houde, 1977 


(round herring) 


(Dp 1st hone ma oqlinum 
(thread herring; 


1971 
1972 
1973 


110 
47 
372 


Houde, 1977a 
Houde, 1977a 
Houde, 1977a 


Harenqula jaguana 
(scaled sardine) 


1971 
1972 
1973 


16 
93 
330 


Houde, 1977b 
Houde, 1977b 
Houde, 1977b 


Decapterus punctatus 


1971 
1972 
1973 


84 
249 
147 


Leak, 1977 
Leak, 1977 
Leak, 1977 


(round scad; 


Trachurus lathmai 


1971-72 
1972-73 


21 
28 


Leak, 1977 
Leak, 1977 


(rough scad) 



Table 34 

Maximum potential yield estimates* for five pelagic species 

in the eastern Gulf of Mexico, based on 1971-1974 

average biomass estimates, in '000 tons 



Species 


max 
when M=0.40 


Y 
max 

when M=1.0 


Round herring 


50 


250 


Thread herring 


60 


120 


Scaled sardine 


46 


92 


Round scad 


70 


85 


Rough scad 


12 


14 


Total t 


240 


560 



Sources Houde, 1977, 1977a, 1977bj and Leak, 1977 



max 



= 0.5 M B ft when B = average biomass 



estimated from egg and larval surveys 
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Table 33 

Estimates of upper, lower and "best" MSY for king mackerel stock 
in U.S. waters of the Western Central Atlantic 
and corresponding catch estimates, in '000 tons 





Based on 1970 
estimates of 
recreational 
catch \j 


Based on 1975 
estimates of 
recreational 
catch 


Parameter 
value 
estimates 

M t 

c 


Likely MSY 
Upper 
Bound 

"Best" MSY 
Estimate 


55.4 
38.5 


24.4 y 
17.0 y 


0.5 1.5 
0.4 1.5 


Likely MSY 
Lower 
Bound 


28.2 


12.4 y 


0.3 1.0 


Corresponding Estimates 
of Total Recreational 
and Commercial Catch 


32.0 


13.9 y 

8.5 J/ 





Adapted from South Atlantic and Gulf of Mexico FMCs, 1979 
I/ From Deuel (1973) 

21 Based on adjusted estimates for 1975, from creel surveys 
7/ Adjusted estimates for 1975, based on Deuel (unpubl.data) 



Table 36 

Estimates of upper, lower and "best" MSY for Spanish mackerel stock 
in U.S. waters of the Western Central Atlantic 
and corresponding catch estimates, in '000 tons 



. 


Based on 1970 
estimates of 
recreational 
catch J/ 


Based on 1975 
estimates of 
recreational 
catch 


Parameter 
value 
estimates 

M t 

c 


Likely MSY 
Upper 
Bound 


37.6 


22.6 y 


0.8 2.0 


"Best" MSY 
Estimate 


20.7 


12.4 y 


0.7 1.5 


Likely MSY 
Lower 
Bound 


10". 3 


6.2 y 


0.5 1.0 


Corresponding Estimates 
of Total Recreational 
and Commercial Catch 


16.4 


9.3 y 

9.8 I/ 





Adapted from South Atlantic and Gulf of Mexico FMCs, 1979 
I/ From Deuel (1973). 

?/ Baaed on adjusted estimates for 1975, from creel surveys 
3/ Adjusted estimates for 1975, based on Deuel (unpubl.data) 
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Figure 6 Predicted yield-per-recruit (Y/R) curve as a function of fishing 

mortality (F) for king mackerel (Scomberomorue cavalla) in the U.S. 
Western Central Atlantic, based on "best" estimates of age-at-first- 
capture and natural mortality showing Y/R at F (Source: Gulf of 

Mexico FMC, 1979) 
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Figure 7 Predicted yield-per-recruit (Y/R) curve BB a function of fishing 
mortality (F) for Spanish mackerel (Scomberomorus maculatus) in the 
U.S. Western Central Atlantic, based on "best" estimates of age-at- 
first-capture and natural mortality showing Y/R at F 1 (Source: 
Gulf of Mexico FMC, 1979) 
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CHAPTER 6: MENHADEN 

In terms of weight of landings, the menhaden fishery is by far the most important fishery in the 
Western Central Atlantic. Total landings of 914,000 tons in 1978 accounted for 46% of the total 
reported catch in the region. Two species make up the bulk of the catch, Brevoortia tyrannus in the 
Atlantic and Brevoortia patronus in the Gulf of Mexico. The fishery is carried out exclusively in U.S. 
waters. Both species have been harvested since the mid-lSOOs, but the Atlantic fishery was dominant 
throughout the 1940s and 1950s until catch declined dramatically in 1963 (Figure 8). Both fisheries 
began to expand rapidly following World War II with the introduction of more modern and efficient 
vessels and harvest techniques. Menhaden are harvested with purse-seines and are reduced to fish meal 
and oil. 

Menhaden are pelagic pianktivorous fishes which form dense schools in nearshore coastal waters, 
making them extremely vulnerable to modern purse seine fishing. Brevoortia tyrannus are distributed 
along the east coast of the U.S. from Nova Scotia to Florida. This is a longer-lived species than its Gulf 
of Mexico counterpart. The maximum age is ten years, although the maximum exploited age before the 
resource "crashed" in 1963 was seven years (NMFS, 1979). Very few fish older than age IV are currently 
exploited. Brevoortia patronus reach five years of age, but more than 90% of the current landings are 
composed of one to two-year-old fish. Both species spawn offshore and the larvae are transported to 
nursery grounds in inshore bays, sounds and estuaries. Juvenile Gulf menhaden migrate offshore after 
5-10 months and some are recruited to the fishery in the late summer of their first year (NMFS, 1979). 
In addition to an inshore-offshore movement, tagging studies (Dryfoos, Cheek and Kroger, 1973; 
Nicholson, 1978) have shown that Atlantic menhaden also migrate extensively along the coast in 
response to seasonal temperature changes and that the population is a single unit stock throughout its 
range. In the summer, the population is stratified by age and size along the entire coast with younger, 
smaller fish more abundant south of Cape Hatteras. Older fish migrate south from New England in the 
late summer, arriving at Cape Hatteras in November and south of the Cape in January. Tagging of Gulf 
menhaden (Pristas et al., 1976) has revealed very little east-west movement of adults, but there is no 
evidence to suggest that more than one stock exists in the Gulf. Populations of both species are subject 
to wide variations in annual and seasonal abundance owing largely to variable recruitment. Other 
species of menhaden which are harvested by menhaden vessels in the Gulf are B. smithi and B. qunterl. 
Two other species of menhaden, B. aurea and B. pectinate, occur in northeastern Brazil (Reintjes, 1979). 

Landings of Atlantic menhaden increased steadily through the 1950s to a high record of 712,000 
tons in 1956 and then declined abruptly after 1962, reaching a record low of 161,000 tons in 1969 
(Figure 8). The fishery recovered somewhat in the 1970s. Annual landings have averaged 315,000 tons 
in the last ten years (1970-79). Atlantic menhaden are harvested principally north of Cape Hatteras, 
i.e. outside of the WECAFC area. Between 1975 and 1978, 23% of the total catch was taken south of 
Cape Hatteras (FAO, 1979). The fishery "crashed" in 1963 following a combination of heavy fishing 
mortality and poor recruitment. High catches in the late 1950s were sustained by strong 1955, 1956 and 
1958 year classes (Schaaf & Huntsman, 1972). 

Landings of Gulf menhaden have generally increased from < 10,000 tons in 1946 to records high of 
about 800.000 tons in 1978 and 1979, despite periodic declines in production in the late 1950s, late 1960s 
and mid-1970s (Figure 9). Unlike the Atlantic menhaden, the Gulf stock has not yet shown signs of a 
large-scale reduction in abundance. Such a reduction may, however, be imminent if this fishery follows 
the same pattern as in the Atlantic. Fluctuations in catch have been more apparent in the Gulf since 
there are fewer age classes in the population. 



Atlantic menhaden 

Two yield models have been fitted to historical catch and effort data from the Atlantic fishery. 
Schaaf &ffnt.n(1972) estimated MSY and the amount of fishing efort which produces MSY (f MS v) 
from 19S* 19*9 H ft fa with a linear surplus production model, adjusting effort (the number of vesael- 
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the author to 1955-1979 catch and effort data, using unadjusted effort data since 1971 (Table 37 and 
Figure 10). Current MSY estimates (556,000 tons) were only slightly lower than the original prediction 
(Table 38). 

Schaaf & Huntsman (1972) also estimated growth and mortality rates and applied a dynamic pool 
model to estimating MSY for Atlantic menhaden. Recruitment was estimated from a Ricker 
spawner/recruit model. Parameter values were K=0.39, W 00 =830 g, M0.37, ti_=8 years and a range of t c 
and F values. Annual total mortality rates (Z) were calculated from catch and effort data for the years 
1955-1964 and, with a constant natural mortality, annual fishing mortality rates were also obtained. 
These estimates, together with age-specific catch estimates (ages II-V) provided data for calculating 
the annual expectation of death from fishing for the spawning stock (u fe ) and the spawning stock size (S) 
of fishes age III and older, i.e. 

u 8 = F(l-e -2 )/Z (2) 

and Sj = (J 8 qj)/u 8 (3) 

where, Si = spawning stock in year j 

Cj: = catch in numbers of age i fish in year j 

Recruitment (R) was assumed to begin at age I and be complete by age II. Since the maximum 
exploitation rates / (u^^) for one-year-old fish averaged 2/3 of u max for ages II through V, only 2/3 
of F was applied to obtain u for age I fish, so that: 

R|j = Cjj/u, (4) 

where, RJJ = recruitment in year j 

u r = 2/3 u 8 = 2F(l-e" 2 )/3Z 

A Ricker stock-recruitment model was fitted to annual S and R estimates and a maximum recruitment 
of 2.9 billion recruits was predicted for a spawning stock size of 654 million fish (Figure 11). 

Yield-per-recruit analysis was performed for four t values (1.5, 2.0, 2.5 and 3.0 years) and showed 
that F M cy=0.80 when t c =1.5 years, the recruitment age which prevailed during the 1950s and 1960s. 
Observed) annual F rates exceeded 0.80, often by substantial margins, during the years of high 
production. The stock-recruitment model allowed prediction of future population structures for 
different levels of fishing. A simulation programme incorporated the S/R model, M*0.37, selected 
values of F and weight-at-age information and, assuming average recruitment for given stock sizes, 
predicted a MSY of 380,000 tons when F MSy -o.80. This assessment has not been up-dated. 

The difference in maximum yield predicted by the two models was attributed primarily to the 
unusually abundant 1955, 1956 and 1958 year classes, which supported the high 1955-1962 catches. The 
dynamic pool model probably provided a more reliable estimate since it was based on the average 
recruitment expected from a given spawning stock. The problem with this model is that F^SY cannot 
immediately be associated with * given fishing effort given the changes in fishing power which have 
taken place in the fishery. 



6/ ' Maximum exploitation rates were defined as: Un Cj /I Cu 

where, uy = the maximum exploitation rate for age i fish in year J 

C(j s the catch of age i fish in year j 

k * the maximum age represented in the landings 

frr 

L Hj = the virtual population 
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Assuming that current catches of 350,000 tons a year are acceptable (since they do not exceed 
MSY), higher catches could presumably be taken if effort were reduced to take advantage of future 
large year classes by maintaining a spawning stock size of optimum size. Nelson et al. (1977) estimated 
recruit survival from age composition data for the years 1955-1971 and concluded that the maintenance 
of an optimum spawning stock during the period of heavy exploitation would have increased annual 
yields during the subsequent 1967-1971 period by an average 231,000 tons. After a temporary reduction 
in effort in the early 1970s, current effort has returned to levels which exceed that which corresponds 
to the maximum mortality rate which the population can sustain without eventually declining to zero 
(the biological break-even point or BBEP). In addition, F MSy would produce a population in which 17% 
of the catch would be composed of fish age HI or older. In 1972, following three years of reduced 
effort, only 11% of the catch was age HI or older (NMFS, 1979). Age II fish accounted for more of the 
total landings in 1979 than in any recent year. 

Nelson et al. (1977) modified the original spawner-recruit model of Schaaf A Huntsman (1972) and 
developed an environmental model for predicting recruit survival which accounted for 84% of the 
variation in survival. The most significant variable in the model was the onshore transport of eggs and 
larvae from offshore spawning grounds to estuarine nursery grounds. Surplus yield was calculated under 
conditions which would maintain four spawning ages (ages III-VI) in the population. Based on estimated 
survival rates during 1955-1971 and the optimum spawning stock size predicted by the Ricker function, 
allowable catch averaged 419,000 tons a year with extremes of 227,000 to 633,000 tons, depending on 
the size of the year classes in the population each year. The "best" allowable estimate was only slightly 
higher than the MSY predicted by the dynamic pool model. The environmental model developed by 
Nelson et al. could provide the basis for predicting allowable catches of menhaden for individual areas 
along the Atlantic coast. 

Gulf menhaden 

A linear surplus production model was originally fitted to 1946-1970 catch and effort data (Table 
39) for the Gulf menhaden stock by Chapoton (1972) and on two subsequent occasions by Schaaf (1975) 
and Klima (1976). Maximum equilibrium yield and corresponding effort estimates (Table 40) have been 
updated by the author with data through 1979. Effort was measured as the number of vessel-ton-weeks 
and was not standardized since larger vessels were assumed to be more efficient. Recent catches 
(800,000 tons) were far in excess of the MSY of 550,000 tons predicted by the model, although the 
amount of fishing effort in recent years has not exceeded f|vtSY- The model, however, did not 
adequately fit the observed data given the wide oscillations in catch which have occurred since 1957 
and the absence of data points on the right-hand side of the derived equilibrium yield curve (Figure 12). 
The addition of 1975-1979 data increased the MSY estimate by 60,000 tons over the 1946-1974 
estimate. Even more significantly, elimination of the single anomalous 1946 data point resulted in a 
MSY estimate of 625,000 tons and f MSY of 700,000 vessel-ton-weeks. Yield estimates for the Gulf 
menhaden fishery are too variable to be acceptable for management purposes. 

Attempts have been made to forecast annual catches of Atlantic and Gulf menhaden from an 
empirical multiple regression equation which requires historical catch and effort data and effort 
predictions for the upcoming year (Schaaf et al., 1975). The percent variation between back-calculated 
and actual catches for the Atlantic f lsheryTl956-1972) was 85% and for the Gulf fishery (1946-1972) it 
was 86% (Figures 13,14). Forecasts since 1972 have not accurately predicted abrupt changes In catch 
such as took place In the Gulf fishery in 1978 and 1979. In both cases, actual catch fell outside the 80% 
confidence limits for the predicted catch. In general, this model is of limited utility since it fails to 
account for variations in year class strength which, in many years, have a greater effect on catch than 
does fishing effort. 
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Tabia 37 

Catch, observed and adjusted fishing effort and catch-per-unit-effort 
in the Atlantic menhaden fishery, 1955-1979 



Year 


Catch 
0000 t) 


Observed 
effort 
(vessel-weeks) 


Adjusted 
effort (1971 
vessel-weeks) 


Catch/effort \J 
(tons/ 
vessel-weeks) 


1955 


641 


2748 


630 


1.02 


1956 


712 


2878 


760 


0.94 


1957 


603 


2775 


800 


0.75 


1958 


510 


2343 


510 


1.00 


1959 


659 


2847 


655 


1.01 


1960 


530 


2097 


560 


0.95 


1961 


576 


2371 


480 


1.20 


1962 


538 


2351 


840 


0.64 


1963 . 


347 


2331 


1000 


0.35 


1964 


269 


1807 


1110 


0.24 


1965 


273 


1805 


1230 


0.22 


1966 


220 


1366 


1110 


0.20 


1967 


194 


1316 


955 


0.20 


1968 


235 


1209 


1260 


0.19 


1969 


161 


995 


990 


0.16 


1970 


259 


906 


870 


0.30 


1971 


250 


897 


865 


0.29 


1972 


366 


973 


- 


0.38 


1973 


347 


1099 


- 


0.36 


1974 


292 


1145 


. 


0.26 


1975 


250 


1218 


- 


0.21 


1976 


340 


1163 


. 


0.29 


1977 


341 


1239 


- 


0.28 


1978 


344 


1210 


_ 


0.28 


1979 


360*/ 


1250*/ 


- 


0.29 



Sources: National Marine Fisheries Service (1979), and Schaaf (1975) 

If Effort measured as standard 1971 vessel-weeks through 1971 
and as observed effort after 1971 

2/ Extrapolated from information through late November, 1979 



Table 38 

Estimates of maximum sustainable yield (MSY) 
and the amount of fishing effort corresponding to MSY 
for the Atlantic menhaden fishery 



Model 


Years 


MSY 
00000 


f MSY 
(vessel-weeks) 


Source 


Surplus production 
Surplus production 
Surplus production 
Dynamic pool 
Environmental 


1955-69 
1955-73 
1955-79 
1955-69 
1955-71 


620 
560 
556 
380 
419 


1000 V 

630 y 

678 1/ 


Schaaf & Huntsman. 1972 
Schaaf, 1975 
This report 
Schaaf & Huntsman, 1972 
Nelson et ah, 1977 



If Standardized for 1969 vessel-weeks 
/ Standardized for 1971 vessel-weeks 
?/ Range of 277,000-633,000 tons depending on age composition of the spawning population 
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Table 39 

Catch, fishing effort and catch-per-unit-effort 
in the Gulf menhaden fishery, 1946-1979 



Year 


Catch 
('000 tons) 


Effort 
('000 
vessel-ton-weeks) 


Catch/Effort 
(tons/'OOO 
vessel-ton-weeks) 


1946 


9 


2 


3.71 


1947 


34 


21 


1.61 


1948 


75 


41 


1.83 


1949 


107 


66 


1.62 


1950 


147 


82 


1.79 


1951 


155 


94 


1.64 


1952 


227 


113 


2.00 


1953 


196 


105 


1.87 


1954 


181 


113 


1.60 


1955 


213 


123 


1.74 


1956 


244 


155 


1.57 


1957 


159 


155 


1.03 


1958 


196 


203 


0.97 


1959 


326 


206 


1.58 


1960 


377 


212 


1.78 


1961 


456 


242 


1.89 


1962 


479 


289 


1.66 


1963 


438 


277 


1.58 


1964 


408 


273 


1.49 


1965 


408 


273 


1.49 


1966 


358 


382 


0.94 


1967 


316 


405 


0.78 


1968 


372 


382 


0.97 


1969 


522 


411 


1.27 


1970 


546 


400 


1.36 


1971 


728 


473 


1.54 


1972 


502 


448 


1.12 


1973 


486 


426 


1.14 


1974 


579 


485 


1.19 


1975 


543 


536 


1.01 


1976 


561 


576 


0.97 


1977 


447 


533 


0.84 


1978 


820 


574 


1.43 


1979 


778 


534 


1.46 


Source: National Marine Fisheries Service, 1979 



Tabto 40 

Estimates of maximum sustainable yield (MSY) and the amount of fishing effort 
corresponding to MSY (f MSY ) for the Gulf of Mexico menh>den fi>her y 



Model 


Years 


MSY 
('000 tons) 


Effort 
(000 vessel- 
ton-weeks) 


Source 


Surplus production 
Surplus production 
Surplus production 
Surplus production 


1946-70 
1946-72 
1946-74 
1946-79 


430 
478 
490 
551 

i 


408 
460 

554 


Chapoton, 1972 
Schaaf , 1975 
Klima, 1976 
This report 
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Figure 9 Annual U.S. GuJf menhaden (Breyportla patronue) puree-seine 
landinga, 1946-1979 (Sourcei NMFS, 1979) 
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Figure 11 Ricker stock-recruitment model fit to 1955-1968 estimates of 
numbers of recruits and numbers of spawning Atlantic menhaden 
(Brevoortia tyrannus) (Source: Schaaf and Huntsman, 1972) 
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Figure 13 Actual and predicted annual U.S. Atlantic menhaden (Brevoortia tyrannua) 
purse-seine landings, 1956-1979. Catch was predicted from a multiple 
regression equation incorporating historical catch and effort data and effort 
predictions for the upcoming year (Source: Schaaf etal., 1975) 
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Figure 14 Actual and predicted annual U.S. Gulf menhaden (Brevoortia patronm) 
purse-wine landings, 1947-1979. Catch was predicted from multiple 
regression equation Incorporating historical catch and effort data and effort 
predictions for the upcoming year (Source: Schaaf etal., 1975) 
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CHAPTER 7: SHRIMP 

From an economic point of view, shrimp resources support the most important fishing industry in 
the Western Central Atlantic. Reported commercial landings in statistical area 31 were 180,000 tons in 
1978 and have averaged 170,000 tons each year since 1970, representing a 70% increase over average 
landings during 1961-64 (Table 4). In addition, an average 17,000 tons were harvested annually by the 
industrial fishery in northern Brazil and the Guianas between 1970 and 1978. Recreational and bait 
fisheries also exploit significant quantities of shrimp; catches of 20,000 tons have been estimated for 
the U.S. Gulf of Mexico (Gulf of Mexico FMC, 1980), and Paiva et al. (1971) reported almost 8,000 tons 
a year for artisanal fisheries in northern Brazil between 1960 and 1968 (Table 2). Reported commercial 
shrimp landings for the entire WECAFC area in recent years have represented 14% of the total world 
production (FAO, 1979). Over 90% of the reported shrimp catch in the WECAFC area is composed of 
species which belong to the genus Penaeus (Wise, 1976). 

Shrimp are abundant along the continental coasts of the Western Central Atlantic and on the 
Cuban shelf. Trawl fisheries have developed in trawlable areas with major shrimp concentrations, 
especially along the northern Gulf of Mexico, the Mexican coast and off the northeast coast of South 
America. Fisheries in these three areas have accounted for approximately 75% of the total landings in 
the region in recent years (Wise, 1976). U.S. trawl fisheries have existed in the southeastern states and 
along the Gulf coast since the early 1900s and expanded rapidly in the 1950s with the introduction of 
improved fishing gear and larger vessels. The U.S., Mexican and Venezuelan fisheries opened in the late 
1940s and early 1950s and an international fishery was initiated off the Guianas and northeast Brazil in 
the 1960s. 

Principal species captured in U.S. and Mexican waters are Penaeus aztecus, Penaeus setiferus and 
Penaeus duorarum (brown, white and pink shrimp). Brown and pink shrimp are harvested principally in 
depths of 30-60 m while white shrimp are more abundant in shallower water ( < 30 m). P. duorarum is 
the principal species harvested on Campeche Bank and in southwest Florida, while P. aztecus is the 
predominant species in the northern Gulf of Mexico. White and brown shrimp account for most of the 
landings in the southeastern U.S. Along the Central and South American coasts, these three species are 
replaced by P. schmitti, P. brasiliensis, P. notialis and P. subtilis. 

All the penaeid species share similar life histories. Important features are the migration of 
juvenile shrimp from inshore estuaries to offshore spawning grounds, a short life span (12-18 months), 
extremely high rates of growth and natural mortality and high fecundity. Growth also varies seasonally. 
Grant and Griffin (1979) reviewed published growth rate information for brown shrimp in the Gulf of 
Mexico and reported growth rates of 1.0-1.5 mm/day in the early spring and 1.7-3.3 mm/day during late 
May. Environmental factors (temperature and salinity) affect the growth and survival of larvae and 
juveniles during the estuarine phase of the life cycle (Zein-Elden and Griffith, 1969). 

Other non-penaeid species comprise <10% of the reported commercial catch in the region. 
Seabobs (Xiphopenaeus kroyeri) are caught incidentally by the trawl fishery and by artisanal fisheries in 
shallow coastal waters throughout the region. The small size of this species has limited Its market 
value and production. Rock shrimp (Sicyonia brevirostris) are caught in 20-50 m in northwest Florida 
and Yucatan, Mexico, and are rapidly gaining market popularity. Royal red shrimp (Pleoticus robustus) 
are found in deep water (200 m or more) and are the subject of small directed fisheries in eastern and 
southwest Florida and off the Mississippi River delta. In addition to seabobs, Exhippolystpma 
oplophoroides and Trachypenaeus simills are harvested by artisanal fisheries in the Amazon River delta 
(Fischer, 1978). 



Lindner (1971) estimated a total shrimp potential of 160,000 to 185,000 tons for the Western 
Central Atlantic exclusive of the Guianas-Brazil grounds. This estimate was surpassed by reported 
commercial landings in 1972 (Wise, 1976). Gulland (1971) predicted a maximum potential yield of 
40,000 tons for the Guianas-Brazil grounds. Bullis et al. (1971) estimated a much higher potential 
(400,000 tons for the entire region), but included seabob and other under-utilized species on the 
northeast coast of South America. All of these estimates are very approximate since they were not 
based on specific analyses of catch and effort data or vital population statistics. 
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Stock assessments based on commercial catch and effort data collected over the past 10-20 years 
Indicated maximum sustainable yields equal to or somewhat in excess of average annual catches over 
the same period (Table 41)* Reliable estimates of f^SY were obtained in only a few cases and were not 
summarized. These assessments were conducted - in most cases - with combined catch and effort data 
(for all penaeid species) and were based on the assumption that geographically defined unit fisheries 
harvest separate stocks, an assumption that is clearly not true in some instances. All MSY estimates 
were based on linear or exponential forms of the surplus production model. Some estimates were more 
reliable than others. Average U.S. catch data (Table 41) included estimates of recreational and bait 
fishery harvests and discards. 

In addition to the assumptions mentioned above, common problems which hindered the application 
of surplus production models to observed data were: (1) time-series data were only available for 
reported commercial catches; (2) data were limited mainly to the apparent peak in the yield curves 
since they were usually collected after the fishery had already stabilized; (3) total fishing effort 
estimates were usually obtained by extrapolation from catch and catch-per-unit-effort data obtained 
from a sample of landings; and (4) no attempts were made to standardize effort data for changes in 
capture efficiency. . The results, nevertheless, suggested a total MSY of about 200,000 tons (excluding 
recreational and bait fisheries) when maximum observed catches were substituted for unknown MSY 
estimates (Table 41), i.e. catch and estimated MSY appeared to be very similar. 

Perhaps the major disadvantage in using steady-state equilibrium models to assess shrimp 
resources is the fact that environmental effects on recruitment are ignored. It has long been observed 
that, once shrimp fisheries have fully developed, catch fluctuates widely from year to year. Moreover, 
production appears to be independent of effort and the size of the spawning population even when effort 
is high. Management efforts based on manipulations of catch or effort will be inadequate as long as 
stock size depends primarily on environmental factors which are assumed to be constant over a given 
time period. Environmental conditions which affect the arrival of larval and juvenile shrimp in inshore 
estuarine nursery grounds are believed to be a major factor affecting the subsequent recruitment to the 
offshore fishery. Shrimp populations are essentially composed of a single year-class and respond very 
quickly to environmental stimuli. 

The following summary represents the current "state-of-the-art" in shrimp assessment as applied 
to specific unit fisheries in the WECAFC region. All of the assessments have been performed with 
catch and effort data except in the U.S. Gulf of Mexico where results were also available from a yield- 
per-recruit analysis, a production function which incorporated environmental variables into yield 
predictions, and two bioeconomic simulation models. Conclusions based on catch and effort data mean 
very little unless: (1) catch and effort data are available from the beginning of the fishery, and for 
individual species; (2) effort can be standardized relative to some reference year; (3) stocks are more 
clearly delineated; and (4) data from international fisheries are collected on a more uniform basis. 
Even then, surplus production models may not be adequate for assessing shrimp resources since 
environmental variables are ignored. Successful yield-per-recruit analyses require reliable parameter 
estimates and, in order to predict MSY, need some basis on which to predict the number of recruits 
entering the population each year. 

Southeastern U.S. 

Three species of shrimp are harvested in nearshore waters, bays and sounds. Pink shrimp are 
exploited only in North Carolina, brown shrimp are more abundant in North Carolina, and white shrimp 
in Georgia, South Carolina and Plot-Ida. Brown and white shrimp accounted for 95% of the commercial 
landings in the early 1970s (Eldridge and Goldstein, 1975). Rock shrimp and royal red shrimp are also 
exploited, primarily in eastern Florida. 

Total commercial landings have remained fairly stable during the last 20 years, averaging 11,500 
tons (Table 41). Three to five year trends in the abundance of white shrimp have been observed 
(Anderson, 1970). Eldridge and Goldstein (1975) estimated that recreational landings in the area 
account for 10*15% of the total catch. 
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Adequate effort statistics do not exist for this fishery and the only existing stock assessment is 
for an isolated population of royal red shrimp on the St. Augustine grounds east of Florida. Klima 

(1976) reported a standing stock of 394 206 tons from 1973-75 trawl surveys, and assuming Z=0.5, a 
maximum potential yield of 100 tons. Management efforts have focussed on protecting the resources, 
and maximizing catch and economic yield, and have primarily involved the closing of spawning and 
nursery grounds during certain times of the year and the enforcement of minimum landing sizes, and/or 
minimum mesh sizes. 

U.S. Gulf of Mexico 

The U.S. shrimp fishery in the Gulf of Mexico is by far the most important shrimp fishery in the 
Western Central Atlantic. White shrimp have been trawled in shallow water since about 1920. Brown 
and pink shrimp were exploited in greater quantities after the fishery expanded into deeper water in the 
early 1950s. The number of vessels (> 5 gross tons) increased from 2,600 in 1962 to 4,000 in 1973, while 
their average size increased from 42 tons to 64 tons (Gulf of Mexico PMC, 1980). There were also 5,000 
registered commercial boats in the fishery in 1976. Brown shrimp accounted for 57% of the total 
reported commercial trawl landings of penaeid species between 1963 and 1976 (Table 42), white shrimp 
for 31%, and pink shrimp 11%. Total reported landings of penaeid species varied between 68,000 and 
97,000 tons during the same period. No historical trends in landings were observed for any of these 
three species. Pink shrimp are harvested in fairly well-defined grounds in southern and southwest 
Florida, whereas brown and white shrimp are generally available on most of the shelf area of the Gulf. 

Royal red shrimp are harvested by specially-rigged vessels in deep water (300-400 m) off the 
Mississippi River delta and on the Tortugas grounds in southwestern Florida. Seabobs and rock shrimp 
are caught incidentally to the penaeid species by the inshore trawl fishery. Seabobs are very small and 
are retained only when market prices are favourable. Reported commercial landings of royal red 
shrimp reached 225 tons in 1969 and varied between 93 and 192 tons between 1973 and 1976 (Table 43). 
Reported seabob landings averaged 1,000 tons between 1963 and 1976. Rock shrimp are harvested 
primarily in Florida: landings have been reported only since 1972 and averaged 300 tons through 1976. 

In addition to the harvest by traditional trawl fisheries, an estimated 20,000 tons of penaeid 
shrimp may be caught by other fisheries and/or discarded by the trawl fishery (Table 44). The 
recreational fishery apparently accounts for most of this unreported catch. Bait shrimp are harvested 
with small trawls in shallow inshore waters. Discarded shrimp are presumably under-sized: minimum 
size limits vary between 30 and 32 tails/kg in the different states. In addition, some areas are closed 
during certain times of the year. 

Different forms of the Pella and Tomlinson's (1969) generalized stock production (GSP) model (m = 
0.5, 1.5, 2.0, 3.0) were fitted to 1963-1976 catch and effort data (Table 42) for each of the three 
individual penaeid species harvested in the Gulf of Mexico (Gulf of Mexico FMC, 1980). Griffin et al. 

(1977) derived an empirical equation for estimating "real" fishing effort based on the fishing power of 
vessels as a function of horsepower and net size Z/. Nominal effort (days fishing) was converted to real 
effort based on the fishing power of a standard vessel type. Real effort (Table 42) was used as the 
dependent variable in subsequent yield analyses. The importance of adjusting effort to account for 
changes in capture efficiency was underscored by Nichols et al. (1978) who reported a 96% increase in 
adjusted effort between 1962 and 1972 as compared to a 5ft increase in the number of days (24 hours) 
fished. 



II The relative fishing power (RFPj) for an individual vessel class i was calculated as: 



where, 

HPj = average horsepower 

FRLj = total length net footrope in yards 



I 

The smallest class of vessel operating in the Gulf from 1963 to 1971 was used as a standard vessel 
with average horsepower of 38 and average footrope length of 14.6 yards UJ.l m;. 
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The best fits of the predicted yield curves to the 1963-1976 data were obtained for m=2.0 for 
brown and pink shrimp (Figures 15, 16 and 17). Nevertheless, the Schaefer model (m=2.0) was used to 
estimate MSY for all three species (Table 45). According to this analysis, the total MSY was 100,000 
tons. The average annual catch for all three species during 1963-1979 was 86,900 tons (Table 42), 
suggesting that the resource was exploited at its full biological potential during 1970-1972 and was 
over-exploited in 1977 and 1978. Looking at individual species, both white and brown shrimp were 
exploited considerably below MSY during 1973-1975 and were over-exploited in 1977 and 1978, whereas 
pink shrimp were over-exploited in 174, 1977 and 1978. Estimates of ffvjsv were not reiiabie since 
catch appeared to depend more on variations in recruitment than on fishing effort. These analyses did 
not take environmental factors into account and have not been up-dated with post-1976 data. 

Klima and Parrack (1978) fitted a surplus production model to combined 1956-1975 catch and 
effort data (excluding three hurricane years) for the same three species and estimated a MSY of 81,000 
tons and a ffvigy of 225,000 days. Their MSY estimate is lower and suggests more extreme resource 
over-exploitation. As was true for the yield predictions for individual species, however, the available 
data were clustered near the peak of the yield curve (Figure 18) and effort was not standardized for 
changes in fishing power. 

Yield-per-recruit models have also been applied to populations of pink and brown shrimp in the 
Gulf of Mexico. The results, however, were very different depending largely on the mortality rate 
estimates which were used. Kutkuhn (1966) and Lindner (1966) produced individual weekly estimates of 
natural mortality rates of 0.55 and 0.075-0.125 respectively, and fishing mortality rates of 0.96 and 
0.125-0.175 respectively, for pink shrimp from tag and recapture studies. Berry (1970) estimated total 
mortality from age composition data (Table 46). He converted length data to age data using a range of 
growth rate estimates (K = 0.04-0.07) and different L^ estimates for male and female shrimp (175 mm 
and 205 mm total length). Average weekly fishing mortality (0.09) was estimated by the swept area 
technique during individual months over a four year period. If, in fact, the lower parameter estimates 
{Table 46) are more reliable, the model indicates that maximum yield would be attained if pink shrimp 
were harvested before they reached the legal minimum size of 32 tails/kg, i.e. the resource is currently 
over-exploited. Use of Y/R models is further complicated by the fact that growth rates not only vary 
by sex, but also by time of year. . 

Parrack (Ms.) used sex specific growth parameters, weekly natural mortality rates of 0.01 and 
0.02 and Berry's fishing mortality rate for pink shrimp to calculate maximum Y/R for brown shrimp in 
Texas waters. Yield was maximized at a size equivalent to 10-11 tails/kg (5 months old), i.e. at a size 
considerably larger than the present size-at-first-capture. These results were reviewed by Klima and 
Parrack (1978). 

Griffin and Beattie (1978) derived a modified Spillman production equation which incorporated 
environmental variables and predicted an MSY for all species of shrimp caught by Gulf vessels (> 5 
gross tons) of 95,000 tons. A multiple regression equation was derived which correlated the commercial 
catch of brown shrimp to temperature, river discharge and fishing effort. The equation predicted 82% 
of the annual variance in catch over the period 1963-1975 (Figure 19). For 100,000 days of effort, 
predicted annual yield varied from 42,000 to 65,000 tons given actual temperature and river discharge 
variations during that period. Actual catch ranged from 38,000 to 79,000 tons during the same period. 
Similar predictions have been made for the Louisiana white shrimp fishery. The future maintenance of 
shrimp resources throughout the region will probably depend more on the availability of suitable 
estuarine habitat than on management strategies designed to achieve MSY and optimum fishing effort. 

Grant and Griffin (1979) developed a bioeconomic model and predicted an average annual yield of 
brown shrimp in statistical area 18 off the Texas coast (Figure 2) which differed from the observed 
average 1963-1971 catch by only 4%. Weekly growth varied from K=0.04 to 0.15 and weekly M was set 
equal to 0.21. Fishing mortality was calculated as a function of days fished, relative fishing power and 
number and availability of shrimp, which in turn depended on an assumed migration rate of new recruits 
and the number of shrimp that over-wintered offshore. Model simulations fell into two categories, 
those representing changes in environmental variables and those representing changes in management 
variables. Simulations involving environmental changes included arbitrary changes in the recruitment 
rate, while management changes included changes in fishing effort and fishing seasons. Simulations 
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dealing with changes in recruitment confirmed the fact that the dynamics of harvesting ultimately 
depend on environmental conditions which affect recruitment. However, no explicit mechanisms for 
relating recruitment to environmental variables or the size of the parent stock were described. A 
doubling in the number of days fished produced approximately twice as much harvest and vice-versa. 
The model was most sensitive to the asymptotic length of shrimp, although M was also an important 

fonhni* 



factor 

A similar exercise was performed for the pink shrimp population on the Dry Tortugas grounds of 
southwestern Florida (NMFS, 1979a). The bioeconomic model included sex-specific spring and fall 
growth rates, and a weekly M of 0.07. Simulation included only that portion of the life span beginning 
at the size-at-recruitment (equivalent to 260 tails/kg) to fishing grounds between 12 and 50 m depth. A 
simulated Y/R model predicted that drastic changes in L would produce no change in weight yield, but 
would result in considerable increases in economic yield when fishing effort is kept at low levels. 
Biological yield/recruit was maximized only at high levels of fishing effort and only when L was set at 
130 tails/kg, but economic yields were maximized when 1 =76 tails/kg for a wide range of fishing effort 
values. 

Catch and effort data were compiled for royal red shrimp, rock shrimp and seabobs and GSP 
models were fitted to data arrayed in CPUE versus effort plots. For royal red shrimp, all models (m = 
0.5, 1.5, 2.0, 3.0) produced similar results. The Schaefer model (m=2.0) gave an MSY estimate of 325 
tons (whole weight) and 1,290 days fishing for three exploited fishing grounds (eastern Florida, the Dry 
Tortugas and the Mississippi delta). Current harvests and effort (Table 43) have not yet reached MSY 
levels. Klima (1976) reported a standing stock of 1,800670 tons for royal red shrimp on the same three 
grounds based on trawl surveys and, assuming Z=0.50, a potential yield of 450 tons. Equilibrium models 
were more suitable for assessing this species since it is longer-lived than the penaeid species and 
inhabits deep water (180-730 m) where it is largely independent of variations in temperatures and 
salinity. This species occurs throughout the region and is underutilized. Production could be 
significantly increased if new fishing grounds are discovered. 

Seabob shrimp and rock shrimp are harvested incidentally to other species in the Gulf of Mexico 
and seabobs are frequently discarded at sea. Thus, catch and effort estimates (Table 43) were 
unreliable for modelling purposes. An MSY estimate of 850 tons was, nevertheless, estimated from 
1972-1976 data for rock shrimp suggesting that through 1976 this species was still underutilized in the 
Gulf of Mexico. The reported 1979 catch reached 3,300 tons. 

Mexico 

Three unit shrimp fisheries have been described in the coastal waters of Mexico on a geographical 
basis (Wise, 1976) corresponding to FAO statistical sub-areas 3.1, 3.2 and 3.3 (Figure 20). The 
designation of these unit fisheries was purely arbitrary and was not meant to imply that shrimp stocks 
in these three areas were isolated. Catch and effort data were available for the period 1956-1975 for 
two of these fisheries (Tampico, Campeche) and for 1965-1975 in the third (Contoy). 

Attempts have been made to fit surplus production models to CPUE versus effort data in all three 
cases (WECAFC, 1978). The resulting MSY estimates were not considered to be very reliable. All three 
fisheries were international, but U.S. and Cuban vessels have been gradually phased out in recent years, 
leaving only Mexican vessels. A minimum mesh size of 44.5 mm is currently enforced in all three 
fisheries. In addition to the industrial trawl fishery, shrimp are also harvested in the coastal lagoons 
and estuaries by artisanal fisheries, but no catch or effort data were available. Total reported shrimp 
landings for the Gulf coast of Mexico (29,200 tons according to WECAFC, 1978), however, exceeded 
Mexican landings from the Tampico and Campeche fisheries by 3,300 tons. No Mexican catch data were 
available for the Contoy fishery. 

1. Tampico Fishery (Area 3.1) 

This fishery has been active since the late 1940s, but catch and effort data were only available 
since 1956 (Table 47). Three phases of exploitation can be distinguished: annual production averaged 
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10,670 tons in 1957-59, 6,180 tons in 1960-65 and 8,660 tons in 1966-75. The three exploited penaeid 
species are the same as those harvested in U.S. waters. Brown shrimp account for over 90% of current 
landings. Effort was measured directly as the number of hours fished by the U.S. fleet, and total effort 
was estimated by dividing total catch (U.S. and Mexican fleets) by U.S. catch-per-unit-effort. 
Maximum effort was expended in 1958-59 and in 1974. A plot of CPUE versus total effort showed no 
trends and thus no MSY estimates were made. Tagging studies conducted by U.S. and Mexico since 1978 
indicated a considerable exchange of brown and pink shrimp between Texas and northern Mexico (Baxter 
et ah, 1979), suggesting that stocks in these two areas are continuous. 

2. Campeche Fishery (Area 3.2) 

This fishery has also been active since the late 1940s. Catch and effort data were available since 
1956 (Table 48). Catch-per-unit-effort and total effort have been estimated separately for the U.S. and 
Mexican fleets. U.S. catch-per-unit-effort estimates have consistently exceeded Mexican estimates, 
by as much as two times during 1972-1974. Reported catch has been stable since the mid-1950s, 
averaging 22,700 tons during 1956-1974. A record catch of 28,000 tons was reported in 1972 and CPUE 
was higher after 1971 than during the previous 16 years. The predominant species is pink shrimp, but 
brown and white shrimp are also harvested. The proportion of brown shrimp in the catch has been 
increasing since 1970. 

Exponential surplus production models have been fitted to U.S. and Mexican data (Figures 21,22), 
producing MSY estimates of 22,900 and 24,900 tons, respectively, and suggesting that current 
production is at or slightly below MSY. However, CPUE data were not compiled before catch stabilized 
in the mid-1950s and, because of the method used to estimate total effort from catch and CPUE, small 
sampling errors in determining CPUE could have caused shifts in total effort estimates and produced 
the apparent relationships between CPUE and effort. 

3. Contoy Fishery (Area 3.3) 

This is a more recent and much smaller fishery. U.S. and Mexican vessels began trawling 
operations in this area in the mid-1960s. Cuban vessels entered the fishery in 1969. Catch and effort 
estimates (Table 49) do not include Mexican or Cuban landings. Total effort was estimated from U.S. 
CPUE for all species. Spotted pink shrimp (Penaeus brasiliensis) accounted for over 95% of all U.S. 
landings until 1972. Some pink shrimp (P. duorarum) are also exploited. Rock shrimp (Sicyonia 
brevirostris) were not reported separately before 1972, but have accounted for a large proportion of the 
catch since 1972. U.S. catch and CPUE estimates were compiled for all species and separately for 
spotted pink shrimp (Table 49). 

An exponential surplus production model was fitted to 1965-1975 U.S. CPUE and effort estimates 
for all species and for P. brasiliensis separately. The results (MSY=1,600 tons for all species, and MSY= 
1,300 tons for P. brasiliensis) suggested that the U.S. catch had already reached these levels, but the 
observed data points were fairly widely dispersed about the predicted yield curves (Figures 23,24). 
Given the recent shift to rock shrimp in this area, assessments based on all species were of little value. 
Furthermore, catch and effort data were not available for the Mexican and Cuban fleets so that the 
published MSY estimates do not apply to the entire resource. 

Nicaragua (Area 7.3) 

This has been an international fishery with participation by U.S., Nicaraguan, Mexican and 
Honduran vessels, but most vessels now are from Nicaragua and Honduras. Reported commercial 
landings (Table 50) have been composed primarily of "red shrimp" (P. duorarum and P. brasiliensis) and 
white shrimp (P. schmitti) with a much smaller percentage of brown shrimp (P. aztecus). White and 
brown shrimp accounted for a greater percentage of the reported landings prior to 1971. Catch data 
have been compiled since 1958 when the fishery opened, but effort - measured as the number of boats 
or number of days fishing - was not recorded until 1964. Catches have remained stable between 3,000 
and 4,000 tons since 1968. Effort peaked at nearly 12,000 days In 1973 and has been declining since 
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then, producing slightly improved CPUE in 1975 and 1976 (Table 50). Maximum CPUE was achieved In 
the late 1960s. Additional quantities of shrimp (especially seabob) are harvested in the coastal lagoons 
by the artisanal fishery. Total reported landings in 1976 were 4,700 tons (FAO, 1979) as compared to 
3,400 tons used for assessment purposes. Total reported landings in 1977 reached 6,000 tons. 

An exponential surplus production model has been fitted (WECAFC, 1978) to 1967-76 CPUE and 
effort data (Table 50) which predicted an MSY equal to 3,800 tons and f MSY equal to 9,500 days, 
suggesting that yields exceeded MSY in 1969 and 1972 and that effort was excessive in 1973-74. The 
model fitted the observed data fairly well (Figure 25). 

Colombia 

The industrial fishery began operations in the area southwest of the Magdaiena River in 1969 and 
later extended to the northeast. Catch and effort (number of days at sea) data were compiled for the 
period 1972-78 and surplus production models have been fitted (WECAFC, 1979) to the data from both 
areas (Table 51). Pink shrimp (Penaeus notialis) accounted for 95% or more of the industrial catch in 
both areas in recent areas. White shrimp (P. schmitti) are also harvested in both areas and a few pink 
spotted shrimp (P. brasiliensis) are exploited in the northeast. Shrimp are presumably harvested by 
artisanal coastal fishermen, but no catch data were available. 

The relationship between CPUE and effort for the northeast stock was not clear. Increased effort 
failed to reduce catch-per-unit-effort, and both the low 1978 and high 1974 harvests were produced 
with the same amount of effort. An MSY estimate based on this analysis was not considered 
appropritae, but the data did suggest that the fishery in this area could be expanded. There may be 
some interchange between shrimp stocks in northeast Colombia and the Gulf of Venezuela, although 
most of the shrimp harvested in the Gulf are white shrimp. 

Analysis of data from the southwest coast of Colombia showed a more rapid decline in CPUE with 
increasing effort. An exponential surplus production model (Figure 26) produced an MSY estimate of 
about 1,000 tons with 7,000 days effort, suggesting that the fishery reached MSY within three years of 
opening, and has continued to exploit the resource at the MSY level since 1972. 

Venezuela 

Catch and effort data were available (WECAFC, 1978) for shrimp fisheries in Lake Maracaibo, the 
Gulf of Venezuela, northeastern Venezuela and the Atlantic coast of Venezuela. A trawl fishery 
developed in the Gulf of Venezuela in the late 1940s and early 1950s, and extended to new grounds along 
the central and eastern coastline in the 1960s, partly in response to reduced yields in the traditional 
grounds in western Venezuela. Total reported landings for the whole country remained between 5,000 
and 6,000 tons in 1975-1977, but dropped to 3,800 tons in 1978 (FAO, 1979). 

1. Lake Maracaibo 

Small quantities of Juvenile white shrimp (P. schmitti) are harvested in the northern half of the 
lake with haul seines and cast nets. Reported catches (WECAFC, 1978) reached 3,000 tons in 1965, 
declined to less than 1,000 tons in 1966 and 1967, increased to over 1,000 tons in 1970-72, and declined 
to low levels again in 1974. Effort was measured as the number of seines or skippers and no 
assessments have been attempted. 

2. Gulf of Venezuela 

The trawl fishery began operations in 1948 and expanded rapidly in 1964-73. White shrimp and 
three species of brown shrimp (P. subtilis, P. brasiliensis and P. notialis) are harvested by fleets 
stationed in Maracaibo and PuntoTijo. The Maracaibo fleet harvests primarily white shrimp while the 
Punto Fijo fleet harvests brown shrimp. Reported catches of white shrimp exceeded 4,000 tons in 1970, 
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but declined rapidly to only 425 tons in 1973 (Table 52) and remained low through 1976. Catch-per-unit- 
effort declined by almost 70% in only three years. Brown shrimp landings exceeded 4,000 tons in 1967 
and 1971 and remained below 4,000 tons a year through 1976. CPUE for these species also declined 
during 1973-76, but not nearly to the extent recorded for white shrimp. 

Effort was estimated as the number of days at sea for each fleet by dividing CPUE from a sub- 
sample of landings into total landings (WECAFC, 1978). An exponential surplus production model was 
fitted to 1962-76 CPUE versus effort data for brown shrimp, but the data for the two years of peak 
production (1967 and 1971) did not fall near the predicted values (Figure 27) and the resulting MSY 
estimate (about 3,000 tons) was very approximate. As was the case for catch and effort data examined 
in other shrimp fisheries in the WECAFC region, production appeared to bear little relation to the 
amount of effort expended in either the current year or the previous one, suggesting that variations in 
recruitment largely determine stock size. Variations in the CPUE/effort relation were even more 
extreme for the white shrimp data and therefore no MSY estimate was made. 

3. Central and Eastern Venezuela 

Two small fisheries exist in central and eastern Venezuela, one on the Unare platform and another 
which operates northeast of Isla Margarita. There were few vessels in either of these fisheries until 
1967. Landings and effort have been compiled since 1969 for the Unare fishery (Table 53) and since 
1970 for the Isla Margarita fishery (Table 54), but no reliable CPUE/effort relations were found for the 
Unare fishery (WECAFC, 1978). Effort increased rapidly until 1972, and then stabilized while catches 
declined from 700 to 400 tons. 

Nearly all the shrimp harvested northeast of Isla Margarita are Penaeus brasiliensis, but a small 
quantity of seabob have also been reported. A logarithmic form of the surplus production model fitted 
1970-76 data very well and predicted an MSY of 500 tons (WECAFC, 1978). The predicted yield curve 
(Figure 28) was quite flat, however, and f|^SY cou ^ not ^ e reliably determined. Effort increased very 
rapidly in this fishery over just a few years, apparently producing maximum yields as early as 1973. 

4. Atlantic Coast of Venezuela 

Trawl fisheries are active in the Gulf of Paria (west of Trinidad), south of Trinidad and off 
Guyana. White shrimp and brown shrimp (P. notialis and P. subtilis) were of equal importance in both 
areas during 1973-1975. Venezuelan trawlers began operating in the Gulf of Paria in the mid-1960s, and 
south of Trinidad in the early 1970s. Landings and effort statistics were available for only a few years 
(Tables 55,56) and were not analysed for stock assessment purposes. Shrimp stocks south of Trinidad 
may merge with stocks which are exploited off the Guianas and northern Brazil and are probably 
exploited by vessels from several countries. 

Guianas/Brazil 

Shrimp resources off the Guianas and northern Brazil have been exploited since 1959 by vessels 
from several different countries. The fishery started off Guyana and expanded south into Brazilian 
waters as far as the Amazon River delta in the mid-1970s. The fleet increased from 100 vessels in 1961 
to 645 vessels in 1977 (Table 57) while total effort increased from about 25,000 days at sea in the early 
1960s to 100,000 days in 1974. A considerable reduction in the number of vessels followed the expulsion 
of all foreign vessels from Brazilian waters in 1978. 

Maximum landings in excess of 19,000 tons a year were reported in 1968-70, 1973 and 1977 
(WECAFC, 1979) /. Production increased rapidly in the mid 1960s, averaging 16,500 tons between 1965 
and 1969 as compared to only 5,400 tons during 1960-64. Reported landings in recent years have 

8/ Landings reported to the 1977 Working Party on Assessment of Shrimp and Lobster Resources 
(FAO, 1978) were slightly higher, exceeding 20,000 tons in 1968-70 and 21,000 tons in 1973. 
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increased very little (1970-78 average = 17,200 tons). An additional quantity of shrimp are harvested in 
nearshore and estuarine waters by artisanal fishermen. Paiva et al. (1971) estimated an average annual 
production of 7,800 tons from northern Brazil between 1960 and 1968, Most of these were probably 
seabob. The offshore fishery harvests four penaeid species: Penaeus brasiliensis, which dominated U.S. 
commercial catches off Guyana, Surinam and western French Guiana; P. subtilis which were most 
prevalent off eastern French Guiana and Brazil; P. notialis. off Guyana; and P. schmitti, off Guyana, 
French Guiana and Brazil, primarily in shallow waters (Jones and Dragovich, 1977). - 

Naidu and Boerema (1972) compiled catch and effort data for individual national fleets for the 
period 1961-69. Effort was estimated as the average number of vessels fishing each year. Jones and 
Dragovich (1977) extended this data base to include data through 1974 and fitted linear and exponential 
surplus production models to 1965-74 data. Data prior to 1955 were eliminated because the authors 
believed that the most significant changes in vessel efficiency took place before 1965. Later revisions 
in the number of vessels increased 1973 and 1974 effort estimates by 80-100 vessels. An MSY of 
20,000-21,000 tons (whole weight) was estimated with f^gy = 531-692 vessels. The model fitted the 
observed data quite well, even more so when observed 1961-64 catch figures were compared to their 
predicted values (Figure 29). 

A later analysis (WECAFC, 1978) fitted a linear surplus production model to 1963-76 data, using 
the number of days at sea as the effort measurement, and a weighted average of annual CPUE 
estimates reported by individual countries. Total effort was estimated from total catch and sample 
CPUE estimates. MSY was estimated to be 18,580 tons and f^gy was 78,100 days. 



These results suggested that the resource is currently being exploited at or slightly below MSY. 
Problems which these analyses ignore and which therefore hinder the application of these results 
include: (1) the unknown harvest of juveniles in inshore waters, (2) changes in species composition over 
time, and (3) the possible existence of multiple stocks in the area, especially for white shrimp. Catch 
rate statistics from individual countries fishing in specific areas have indicated that the abundance of 
P. brasiliensis has declined on northern grounds over the past few years while P. subtilis have not 
decreased in abundance off Brazil and only slightly off the Guianas (WECAFC, 1979). Stocks of seabobs 
in shallow, nearshore waters are probably underutilized. 
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Table 41 

Average annual landings, minimum and maximum annual landings and 

maximum sustainable yield estimates for unit shrimp fisheries 

in the Western Central Atlantic, in '000 tons whole weight 



Unit Fishery 


Years 


Average 
annual 
catch 


Range 


MSY 


Comments 


Southeastern US. 


1967-1976 


12. 3j/ 


10.2-15.1 


- 


Inadequate effort data 
for MSY estimate 


US. Gulf of Mexico 


1963-1976 


104. Ol/ 


89-118 


122 3/ 




Mexico: 
Tampico 


1956-1975 


8.2 


4.7-11.3 


- 


Model did not fit data 


Campeche 


1956-1974 


22.7 


18.3-28.2 


23-25 


MSY not reliable 


Contoy 


1965-1975 


1.2*/ 


0.5-2.0 


1.6 


Poor fit to data 


Honduras 


- 


- 


3-4 5/ 


- 


Data for assessment 
not available 


Nicaragua 


1967-1974 


3.5 


2.6-4.3 


3.8 


Good fit to data 


Southeastern Cuba 




- 


4-5 5/ 


- 


Data for assessment 
not available 


Colombia 


1972-1978 


1.7 


1.5-1.8 


- 


MSY=1.0 for 
southwest coast only 


Venezuela: 
Gulf of Venezuela 


1962-1976 


3.7 


2.1-6.8 


3.0 


MSY for brown shrimp only 


N.E. Venezuela 


1970-1976 


1.0 


0.4-1.2 


0.5 


MSY for Isla Margarita only 


Atlantic coast 


1973-1975 


0.5 


0.3-0.9 


- 


Insufficient data 
for estimating MSY 


Guianas -Brazil 


1963-1976 


16.2 


7.9-20.4 


18.6 


Good fit to data 


Others / 




5.0.5/ 









I/ Includes 700 tons estimated recreational catch 

2/ Includes 21,000 tons recreational and bait fisheries, 

~ t estimated discards and non-penaeid species 

2/ All species except seabob; includes recreational and bait fisheries plus discards 

4/ Landings for US. fleet only 

5/ Recent landings (early 1970s) according to Wise, 1976 

61 Jamaica, Dominican Republic, Guatemala, Costa Rica, Belize 
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Table 42 



Reported 1963-1979 commercial catch and effort data* for brown, white and pink shrimp 
in the U.S. Gulf of Mexico - Weight is in whole weight 



YEAR 


BROWN SHRIMP 


WHITE SHRIMP 


PINK SHRIMP 


TOTAL 


Catch Effort Unit 
(000 ('000 effort 
tons) days) ('000) 


Catch Effort Unit 
('000 ('000 effort 
tons) days) ('000) 


Catch Effort Unit 
('000 ('000 effort 
tons) days) ('000) 


Catch Effort 
0000 ('000 
tons) days) 


1963 


37.1 82.0 51.3 


33.1 80.0 55.7 


9.2 21.9 15.3 


79.4 159.6 


1964 


26.9 74.1 48.0 


31.0 95.3 63.3 


10.5 25.0 . 18.5 


68.4 194.4 


1965 


42.2 102.4 61.6 


23.6 74.5 51.2 


10.8 23.3 17.4 


76.6 200.2 


1966 


42.7 111.9 73.6 


21.2 72.1 43.6 


10.3 23.1 17.5 


74.2 207.1 


1967 


67.7 116.6 84.2 


17.2 61.6 40.9 


7.5 21.7 16.7 


92.4 199.9 


1966 


52.6 117.8 84.9 


21.5 77.4 52.0 


8.4 22.4 17.5 


82.5 217.6 


1969 


45.5 114.6 90.6 


31.6 115.1 7B.4 


8.2 21.5 17.8 


85.3 251.2 


1970 


55.7 117.4 86.7 


32.5 91.3 72.6 


9.4 20.2 16.8 


97.6 228.9 


1971 


60.0 126.2 102.6 


29.8 88.7 68.2 


7.6 17.8 15.1 


97.4 232.7 


1972 


60.2 144.0 113.6 


26.8 91.8 76.3 


8.1 21.5 18.7 


95.1 257.3 


1973 


39.1 115.3 90.0 


24.1 115.6 86.5 


10.7 25.4 22.4 


73.9 256.3 


1974 


41.3 103.8 74.9 


22.2 96.1 67.5 


11.2 27.1 23.9 


74.7 227.0 


1975 


37.4 86.6 67.8 


19.6 121.8 92.3 


10.8 31.3 28.6 


67.8 239.7 


1976 


57.6 181.9 130.3 


25.9 111.4 87.7 


9.6 29.4 26.2 


93.1 322.7 


1977 


72.5 


34.0 


11.4 


117.9 


1978 


65.4 


34.1 


11.5 


111.0 


1979 


53.7 


26.4 


10.3 


90.4 


Mean 


50.4 
6.5 


26.7 
2.8 


9.7 
0.7 


86.9 
7.4 


Sources: 1963-1976 data from Griffin (1978) as reported by Gulf .of Mexico Fishery Management 
Council (1980), 1977 data from Caillouet and Koi (1980), and 1978-1979 data courtesy National Marin* 



Fisheries Service, Southeast Fisheries Center, Miami. 

* Nominal 1963-1976 effort (days fishing) was converted to real effort (unit effort) on basis of the 
fishing power of different vessel types relative to a standard vessel; unit effort was used for yield 
analyses. Catch data were originally reported as million Ibs tail weight and were converted to 
thousand tons using conversion factors of 0.74, 0.7 and 0.74 for brown, white and pink shrimp, 
respectively. 
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Tabie 43 

Reported 1963-1976 and 1978-1979 commercial catch and effort* data for royal red, 
seabob and rock shrimp in the U.S. Gulf of Mexico - Catch data on a whole weight basis 





ROYAL RED SHRIMP 


SEABOB SHRIMP 


ROCK SHRIMP 


Year 


rafnh Effort 

S3 (d< * 8 

tton *' fished) 


Catch ftE? 
<*-> f%3) 


Catch "fort 

< S5> 


1963 


4 8 


800 709 


. 


1964 


4 6 


230 778 


- 


1965 


14 27 


500 790 


- 


1966 


20 36 


340 737 


- 


1967 


31 88 


150 575 


- 


1968 


61 89 


490 2420 


- 


1969 


225 506 


370 817 


. 


1970 


34 66 


1500 1905 


- 


1971 


53 91 


230 344 


- 


1972 


30 35 


1010 1635 


153 167 


1973 


192 410 


2090 3548 


137 299 


1974 


188 504 


3070 4350 


47 58 


1975 


93 230 


3230 4580 


519 463 


1976 


136 382 


520 1641 


677 982 


1978 


90 


1837 


811 


1979 


128 


3055 


3299 



Sources? 1963-1976 data from Gulf of Mexico Fishery Management Council, 1978- 
1979 data from National Marine Fisheries Service, Southeast Fisheries Center, 
Miami. 

* Days fished for seabob and rock shrimp (1963-1975) were calculated by 
assuming that the fishing effort for a given trip was proportioned according to 
the weight 6f the various species caught and landed. Interviewed 'days fished* 
estimates were converted to 'total days fished* estimates by using the ratio of 
interviewed days fished to interviewed trips on an annual basis for royal red, 
seabob and rock shrimp, 1963-1975. Estimates of 1976 days fished for each 
species were taken directly from NMFS estimates. 



Table 44 

Estimates of annual catches by recreational and bait fisheries, and discards by shrimp fleet 
in the U.S. Gulf of Mexico, in '000 tons whole weight, for principal shrimp species* 



Species 


Recrea- 
tional 


Bait 


Discards 


Total 


Brown shrimp (P. aztecus) 


5.9 


1.2 


3.7 


10.6 


White shrimp (P. setif erus) 


5.7 


0.6 


1.4-2.8 


7.7-9.1 


Pink shrimp (P. duorarum) 


- 


0.8 


0.2 


1.0 


TOTAL : 


11.6 


2.6 


5.3-6.7 


19.5-20.9 



Source: Gulf of Mexico Fishery Management Council, 1980 

* Original data were by state and for all species combined and were broken down 
according to the percent species composition in reported commercial landings 
for individual states 
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Tabie 45 

Estimates of maximum sustainable yield obtained from Schaefer surplus production 

models fit to commercial 1963-76 catch and effort data 
for three principal shrimp species in the U.S. Gulf of Mexico 



SPECIES 


MSY 
commercial data only 


MSY 
plus other catches* 


10 6 Ibs tail 


10 s tons whole 


10 tons whole 


Brown shrimp 


84.6 


62.8 


73.6 


White shrimp 


38.5 


27.3 


35.7 


Pink shrimp 


14.4 


10.6 


11.6 


TOTAL : 


137.5 


100.7 


120.9 



Source; Gulf of Mexico Fishery Management Council, 1980 

* Recreational fishery, commercial bait fishery and discards 
of under-sized shrimp (see Table 44) 



Table 46 

Weekly instantaneous rates of growth and mortality 
for three species of shrimp in the U.S. Gulf of Mexico 



Species 


Natural 
Mortality 
M 


Fishing 
Mortality 

F 


Total 
Mortality 

Z 


Growth 
K 


Source 


Brown shrimp 


.21 


.06 


.27 




Klima, 1964 




- 


- 


.99, 1.24 


.07 


McCoy, 1968 


White shrimp 


.08 


.06-. 19 


.14-. 27 


.09 


Klima & Benigno, 1965 




.04-. 12 


.10-. 13 


.16-. 22 


- 


Klima, 1974 






- 


.46 


.12 


Klima, 1964 


Pink shrimp 


.27 
.55 


.09 
.96 


.36 

.76, 1.51 


.07 


Iverson, 1962 
Kutkuhn, 1966 




.08-. 12 


.12-. 18 


.25 


- 


Lindner, 1966 




.02-. 06 


.16-. 23 


.22-. 27 


.04-. 06 


Berry, 1967 




.08-. 11 


.03-. 07 


.11, .18 


- 


Costello & Allen, 1968 




.01-. 03 


.02-. 16 


.07-. 16 





Berry, 1970 



Notei A range of estimates are designated as .03-.07 and two separate estimates as .03, .07 
Sources: Berry (1970) and Gulf of Mexico Fishery Management Council (1980) 
* Not included in original published material 
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Table 47 

Tampico shrimp fishery: 
Total catch, catch per effort and total effort 



Year 


Total catch J/ 
(tons) 


US. catch/ 
effort 
(kg/hr) 


Total effort 2/ 
('000 hrs) 


1956 


8,081 


20.7 


387 


.1957 


11,295 


24.4 


463 


1958 


10,139 


13.5 


751 


1959 


10,574 


15.7 


674 


1960 


4,676 


13.3 


352 


1961 


8,279 


18.3 


452 


1962 


6,552 


15.5 


423 


1963 


5,514 


16.2 


340 


1964 


5,740 


16.6 


346 


1965 


6,328 


18.1 


350 


1966 


8,702 


18.2 


478 


1967 


7,546 


20.5 


366 


1968 


9,921 


19.0 


522 


1969 


6,408 


13.9 


461 


1970 


9,328 


19.4 


484 


1971 


8,294 


16.9 


491 


1972 


9,827 


20.2 


486 


1973 


8,241 


16.3 


506 


1974 


10,216 


15.2 


671 


1975 


9,099 


16.9 


539 



Source: Western Central Atlantic Fishery Commission, 1978 

II Whole shrimp 

21 Figures obtained by dividing total catch by U.S. catch per effort 



-77- 



Table 48 

Campeche shrimp fishery: 
Total catch, catch per effort and total effort 



Year 


Total 
catch U 
(tons) 


U.S. 
catch/ 
effort 
(kg/hr) 


Total 
effort y 
('000 hrs) 


Mexican 
catch/ 
effort 
(kg/hr)' 


Total 
effort Jj 
('000 hrs) 


1956 


23,572 


20.5 


1,150 


17.0 


1,327 


1957 


23,032 


18.2 


1,265 


12.6 


1,828 


1958 


19,513 


16.2 


1,205 


10.9 


1,790 


1959 


20,646 


16.8 


1,229 


10.7 


1,930 


1960 


22,873 


19.7 


1,161 


9.1 


2,514 


1961 


21,750 


17.5 


1,243 


12.0 


1,812 


1962 


22,758 


15.5 


1,468 


11.5 


1,980 


1963 


23,400 


15.9 


1,472 


13.0 


1,800 


1964 


26,287 


17.9 


1,469 


12.5 


2,103 


1965 


24,217 


16.8 


1,441 


13.6 


1,781 


1966 


18,285 


14.8 


1,235 


12.3 


1,487 


1967 


19,420 


17.4 


1,116 


13.1 


1,482 


1968 


21,924 


18.2 


1,205 


11.8 


1,858 


1969 


20,291 


16.8 


1,208 


11.7 


1,734 


1970 


22,583 


12.9 


1,751 


11.2 


2,016 


1971 


23,071 


16.4 


1,407 


10.4 


2,295 


1972 


28,171 


24.4 


1,155 


13.1 


2,150 


1973 


25,205 


20.4 


1,236 


12.0 


2,100 


1974 


24,863 


29.2 


851 


14.7 


1,691 


1975 


- 


44.4 


- 


8.3 





Source! Western Central Atlantic Fishery Commission, 1978 

ll Whole shrimp 

2/ Figures obtained by dividing total catch by U.S. catch/effort 

3/ Figures obtained by dividing total catch by Mexican catch/effort 
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Tabie 49 

Contoy shrimp fishery! 

Total catch, U.S. catch per effort and total effort 
for all species and catch per effort for spotted pink shrimp (P. brasiliensis) 



Year 


Total 
catch J/ 
(tons) 


U.S. 
catch/ 
effort 
(kg/hr) 


Total 
effort 2/ 
('000 hrs) 


Catch of 
potted 
pink shrimp 
(tons) 


Catch/effort 
of spotted 
pink shrimp 
(kg/hr) 


1965 


792 


36.0 


22 


792 


36.0 


1966 


516 


43.0 


12 


516 


43.0 


1967 


1,358 I/ 


28.3 


48 


1,358 


28.3 


1968 


824 I/ 


26.6 


31 


808 


26.1 


1969 


915 3/ 


20.3 


45 


869 


19.3 


1970 


1,251 I/ 


29.8 


42 


1,238 


29.5 


1971 


1,161 


22.4 


52 


1,149 


22.2 


1972 


1,608 


41.1 


39 


1,431 


36.6 


1973 


1,237 


30.9 


40 


915 


22.9 


1974 


2,043 


58.8 


35 


572 


16.5 


1975 


1,857 


23.8 


78 


1,207 


15.5 



Source: Western Central Atlantic Fishery Commission, 1978 

I/ Whole shrimp 

2/ Figures obtained by dividing total catch by U.S. catch/effort 

5/ Not including Mexican landings 



Table 3O 

Nicaragua fishery: 

Total catch, catch-per-unit-effort and fishing effort 
in total number of boat-days 



Year 


Total catch 
(tons) I/ 


Effort 
('000 days) 


Catch per 
unit effort 
(t/day fishing) 


1958 


877 





- 


1959 


415 


- 


- 


1960 


200 


- 


- 


1961 


500 





- 


1962 


862 


- 


- 


1963 


80S 


- 


. 


1964 


1,300 


2.3 


0.57 


1965 


2,046 


4.8 


0.43 


1966 


I r 727 


3.3 


0.52 


1967 


2,627 


3.4 


0.77 


1968 


3,331 


4.9 


0.68 


1969 


4,051 


6.2 


0.65 


1970 


3,036 


5.2 


0.58 


1971 


3,532 


7.2 


0.49 


1972 


4,328 


9.8 


0.44 


1973 


3,848 


11.7 


0.33 


1974 


3,512 


10.0 


0.35 


1975 


3,660 


7.2 


0.50 


1976 


3,399 


8.0 


0.42 



Source: Western Central Atlantic Fishery Commission, 1978 
I/ Whole shrimp 
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Table 51 

Total catch, effort and catch per unit effort 

for the shrimp fishery on the northeast and southwest coasts 

of Colombia, all species combined 



Northeast Coast 



Year 


Total catch 
(t whole shrimp) 


Effort 
(days at sea) 


Catch/effort 
(kg/day at sea) 


1972 


623 


3,463 


180 


1973 


493 


2,942 


168 


1974 


666 


3,875 


171 


1975 


655 


4,323 


152 


1976 


1,038 


4,249 


157 


1977 


816 


5,117 


159 


1978 


518 


4,089 


127 


1979 U 


(500) 


(2,677) 


(187) 



Southwest Coast 



1972 


1,110 


7,260 


153 


1973 


1,043 


5,569 


187 


1974 


1,003 


7,738 


130 


1975 


993 


7,713 


129 


1976 


854 


6,592 


130 


1977 


930 


7,940 


117 


1978 


974 


9,291 


'105 


1979 J/ 


(667) 


(5,842) 


(114) 



Source: Western Central Atlantic Fishery Commission, 1979. 
I/ 1979 data for January-September only 
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Tabie 52 

Gulf of Venezuela: 

White shrimp total landings, catch-per-unit-effort (kg/day at sea) 
of the Maracaibo fleet, and estimated total effort in Maracaibo fleet units; 

brown shrimp total landings, catch per unit effort (kg/day at sea) 
of the Punto Fijo fleet and estimated total effort in Punto Fijo fleet units 

White Slur if iip 



Year!/ 


Total 
landings 
(tons) 


Catch-per 
unit-effort 
(kg/day at sea 
of Maracaibo fleet) 


Estimated 
total 
effort IJ 


1962 


885 


292 


3,030 


1963 


1,202 


360 


3,338 


1964 


1,036 


361 


2,869 


1965 


2,245 


424 


5,291 


1966 


1,342 


130 


10,315 


1967 


870 


163 


5,337 


1966 


1,730 


176 


9,826 


1969 


1,909 


187 


10,208 


1970 


4,153 


250 


16,612 


1971 


2,479 


169 


14,669 


1972 


1,857 


130 


14,284 


1973 


425 


81 


5,259 


1974 


701 


100 


7,010 


1975 


248 


109 


2,275 


1976 


267 


112 


2,384 



Brawn Shrimp 



YearJ/ 


Total 
landings 
(tons) 


Catch per 
unit effort 
(kg/day at sea 
of Punto Fijo fleet) 


Estimated 
total 
effort 2/ 


1962 


1,205 


170 


7,088 


1963 


* 1,314 


126 


10,428 


1964 


1,149 


118 


9,737 


1965 


2,315 


238 


9,711 


1966 


1,506 


87 


17,410 


1967 


4,068 


196 


20,755 


1968 


1,714 


79 


21,696 


1'969 


1,788 


76 


23,526 


1970 


' 2,680 


113 


23,716 


1971 


4,219 


149 


28,315 


1972 


3,273 


102 


32,088 


1973 


2,070 


74 


27,973 


1974 


2,811 


87 


32,310 


1975 


1,863 


86 


21,663 


1976 


2,566 


79 


32,481 



Source: Western Central Atlantic Fishery Commission, 1978 

I/ Data until 1970 taken from Cadima et al. (1972) 

2l Number of days .at sea, calculated by dividing total landings by catch/effort 
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Table 53 

Unare platform (Venezuela) shrimp fishery: 
Total catch, total effort and catch per unit effort 



Year 


Catch 
(tons) 


Effort 
(days at sea) 


Catch per 
unit effort 
(kg/day at sea) 


1969 


65 


997 


66 


1970 


242 


1,410 


172 


1971 


701 


3,055 


229 


1972 


710 


4,577 


155 


1973 


665 


4,354 


153 


1974 


711 


4,617 


192 


1975 


542 


4,218 


141 


1976 


429 


4,662 


123 



Source; Western Central Atlantic Fishery Commission, 1978 



Table 54 

Shrimp fishery east of Isla de Margarita, Venezuela: 
Total catch, total effort and catch per unit effort 



Year 


Catch 
(tons) 


Effort 
(days at sea) 


Catch per 
unit effort 
(kg/day at sea) 


1970 


143 


1,116 


128 


1971 


399 


2,733 


146 


1972 


321 


3,955 


81 


1973 


489 


5,811 


84 


1974 


531 


7,566 


70 


1975 


466 


9,105 


51 


1976 


529 


8,803 


60 



Source: Western Central Atlantic Fishery Commission, 1978 
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Table 55 

Shrimp fishery in the Gulf of Paris: 
Total catch v total effort and catch per unit effort 



Year 


Landings, 
whole shrimp 
(tone) 


Effort 
(days at sea) 


Catch-per 
unit-effort 
(kg/day at sea) 


1969 


75 


750 


100 


1970 


87 


908 


96 


1971 


36 


490 


74 


1972 


28 


337 


83 


1973 


110 


1,112 


99 


1974 


146 


1,205 


122 


1975 


190 


947 


200 



Source: Western Central Atlantic Fishery Commission, 1978 



Table 56 

Shrimp fishery south of Trinidad: 
Total catch 9 total effort and catch per unit effort 



Year 


Landings, 
whole shrimp 
(tons) 


Effort 
(days at sea) 


Catch per 
unit effort 
(kg/day at sea) 


1973 


191 


4,656 


41 


1974 


217 


1,130 


192 


1975 


683 


3,350 


203 



Sourcei Western Central Atlantic Fishery Commission, 1978 
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Table 57 

Total catch, total effort and catch-per-unit-effort 
for the Guianas/Brazil shrimp fishery for the years 1960-1976 



Year 


Catch I/ 
(tons whole 
weight) 


Effort 2/ 
(No.of 
vessels) 


Effort3/ 
('000 days 
at sea; 


Catch/ */ 
effort 
(kg/day) 


Catch/ 
effort 
(t/vessel) 


1960 


2,785 








. 


. 


1961 


3,095 


100 


- 


- 


30.9 


1962 


4,371 


96 


- 


- 


45.5 


1963 


7,430 


147 


27.6 


285 


50.5 


1964 


9,262 


187 


23.5 


417 


49.5 


1965 


11,230 


203 


34.3 


351 


55.3 


1966 


15,475 


281 


53.1 


309 


55.1 


1967 


17,222 


342 


59.3 


308 


50.4 


1968 


19,259 


362 


68.7 


287 


53.2 


1969 


19,136 


403 


82.8 


245 


47.5 


1970 


19,081 


421 


90.0 


225 


45.3 


1971 


15,550 


346 


69.3 


237 


44.8 


1972 


16,126 


370 


72.8 


230 


43.6 


1973 


19,606 


523 


84.7 


257 


37.5 


1974 


17,687 


561 


99.2 


180 


31.5 


1975 


15,567 


591 


94.2 


155 


26.3 


1976 


16,753 


586 


88.0 


170 


28.6 


1977 


19,361 


645 


- 


- 


30.0 


1978 


15,188 


501 


- 


* 


30.3 



I/ Reported by Western Central Atlantic Fishery Commission (1979); all 
~ figures were slightly lower than those reported by Naidu & Boerema (1972), 

and Jones and Dragovich (1977) 

21 Reported by WECAF Commission (1979); 1973 and 1974 figures were higher 
~ than those reported by Jones and Dragovich (1977) 
3/ Reported by WECAF Commission (1978) 

4/ Welohted average of catch rates for individual national fleets, using 
- ^M^SUSi PT fleet a- a weighting factor, a. reported by WECAF 

Commission (1978) 
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Figure 17 Annual estimated catch of all penaeid species and effort for the U.S. Gulf of Mexico shrimp 
fishery during the period 1956-1975, excluding three hurricane years, and the predicted yield 
curve. Catch is expressed in whole weight (Source: Klima and Parrack, 1978) 



0.6 H 



65 



63 



66 
( 
70. 



64 



O 



^ z 

I CO 

< z 

O O 



0.5 



0,4 H 



68 



67. .69 



72 



76 



i y 

o o: 

h- h- 

< LJ 



10 






76 



71, 



.67 



10 



I 
15 



20 



25 



30 



UNIT EFFORT ( I0 3 UNITS) 



Figure 18 Linear regression of 1963-1976 CPUE versus standardized effort for pink shrimp (Penaeus 
duorarum) harvested by the U.S. trawl fishery in the U.S. Gulf of Mexico and the predicted 
yield curve. Catch is expressed in whole weight (Source: Gulf of Mexico FMC, 1980) 
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Fioura 27 Exponential regression of estimated 1962-1976 CPUE versus effort for three 

species of brown shrimp (Penaeus subtllis. P. brasiliensis and P. nptialis) 

harvested in the Gulf of Venezuela and the predicted yield curve (Source: 
WECAF, 1978) 
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TOTAL EFFORT (IO 3 DAYS AT SEA) 

Exponential regression of estimated 1970-1976 CPUE versus effort for all 
species of penaeid shrimp harvested in the vicinity of Isla Margarita in 
eastern Venezuela and the predicted yield curve. Catch is in whole weight 
(Source: WECAF, 1978) 
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Linear regression of estimated 1965-1974 CPUE versus effort for all species 
of penaeid shrimp harvested off the Guianas and northern Brazil and the 
predicted curve. 1961-1964 CPUE and catch data were plotted, but were 
excluded from the analysis. Catch is in whole weight (Sources Jones and 
Dragovich, 1977) 
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CHAPTER 8: SPINY LOBSTER 

The Western Central Atlantic supplied 16% of the total world lobster production in 1978 with 
reported landings of 31,000 tons (Table 58). Landings have increased by 5,000 tons since the early 
1970s and by 11,000 tons since the late 1960s. Total landings estimated by Wise (1976) during 1965- 
1973 were slightly higher than those reported by FAO. 

Major lobster producing countries in the region are Cuba, Brazil, Nicaragua, the Bahamas and the 
U.S. These five countries accounted for 88% of the total reported landings during 1977 (FAO, 1979). 
The most notable increases during the last ten years have taken place in Brazil and Nicaragua (Table 
59). Estimated Brazilian catches have increased by 3,000-4,000 tons during the last ten years while 
landings from Nicaragua's Atlantic coast increased from 700 tons in 1974 to 3,200 tons in 1978. U.S. 
landings increased from an estimated average of 2,100 tons a year in 1960-1969 to 4,600 tons in 1970- 
1973 as the FLorida-based fleet moved into the Bahamas. In 1975, the Bahamas excluded foreign 
fishing and U.S. landings returned to previous levels while Bahamian landings increased. 

The predominant species harvested is Panulirus arqus. Small quantities of Panulirus laevicauda 
and Panulirus quttatus are also harvested as well as insignificant quantities of "slipper lobster' 4 of the 
family Scyllaridae. Traps are the principal fishing gear used throughout the region, although other 
gears are common in some areas. The spiny lobster fishery is conducted at small-scale and large-scale 
levels. Closed fishing seasons are common during February/August as are size limits ranging from 20- 
30 cm total length or 8.5-10 cm carapace length. The taking of egg-bearing females is prohibited in 
most areas. 

Aitaiamentt 

Estimates of potential catch made by Wise (1976) for individual countries, based largely on an 
intuitive interpretation of current landings and the extent of under-exploited fishing grounds which still 
exist, totalled 42,200 tons for the entire WECAFC region. This estimate was probably on the 
conservative side, however, since the current dramatic increases reported from Nicaragua demonstrate 
the degree to which potentials based on past performance may be under-estimated. 

A complicating factor which hinders the assessment of lobster stocks is the possibility that 
planktonic larvae are transported long distances by currents, thus reducing the chance that fishing in a 
given location will affect recruitment and catches only in that location in subsequent years (Menzies & 
Kerrigan, 1979). In practice any impact of heavy fishing in one location may be spread over 
recruitment on many areas, and be very difficult to evaluate. Very little is known about possible 
lobster stock delineations in the region. 

Brazil 

Catch and effort data collected from the Brazilian lobster fishery since 1965 have been analysed 
by various authors (Coelho et al., 1974; Costa et al., 1974; Paiva et al, 1971; Santos et al., 1973). 
Their results were summarized by Wise (1976) who concluded that the resource will sustain an annual 
yield of 8,500 tons with 22 million trap-days of effort. This conclusion was confirmed (Programa de 
POP do Brasii, 1977) by more recent MSY estimates of 8,800 tons and fysy = 18.8 million trap-days 
based on data through 1976 (Table 60). Separate analyses by geographical area (WECAFC, 1979a) 
indicated that the resource was larger north of the equater (MSY = 7,300 tons) than south of the equator 
(MSY = 2,000 tons), but was also more heavily exploited. A linear surplus production model provided a 
better fit to the observed data collected north of the equator (Figures 30 and 31). Effort north of the 
equator in 1977 accounted for 75% of total effort and exceeded f j^w by 60% (Table 61). Present yield 
is equal to or slightly less than MSY, but effort is excessive. Total Brazilian catch-per-unit-effort has 
declined from more than one kg/trap-day in 1964 to 0.3 kg/trap-day since 1973. However, the increased 
number of traps in use in recent years and the expansion of the fleet into more offshore waters has 
apparently increased trap soak times beyond one day, thus reducing the validity of catch/trap-day as a 
reliable index of abundance (Frederick and Weidner, 1978) since traps left for longer periods of time do 
not perform as efficiently on a per-day basis. Panulirus laevicauda reportedly accounted for a larger 
prrcen^ north of the equatorlKT^TTand 1977 than south of the equator (Programa 



de POP do Brasii, 1978a). 
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Jamaica 

Munro (1974a) assessed spiny lobster resources on the Jamaican shelf and on Pedro Bank with 
yield/recruit models. Mortality rates were obtained from length frequency data collected on the 
heavily exploited south Jamaican reefs and from Pedro Bank. Lobster on the Bank are exploited in the 
area of the Cays at the extreme eastern end of the Bank, but the resource on the remainder of the Bank 
was considered to be unexploited. The natural mortality rate from Pedro Bank (M=1.03) was reduced 
for the exploited populations on the Cays and the inshore Jamaican reefs by multiplying 1.03 times the 
relative biomass of predatory fish on the different fishing grounds (Table 62). Growth was estimated 
as K = 0.215 from tagging studies in Belize and Florida. Fishing mortality rates for the exploited 
stocks on the south Jamaican and Pedro Bank reefs were estimated from values of fishing effort 
(number of canoes per unit area) and the catchability coefficient (0.206) and equalled 0.27 and 0.10 
respectively. Fishing mortality on the heavily exploited Port Royal reefs was estimated as Z-M s 
1.52-0.14 = 1.38. 

For the south Jamaican shelf, the model predicted that MSY would be achieved at twice the 
observed size-at-first-capture (l c = 60 mm carapace length) at a constant exploitation rate. For other 
more heavily exploited areas of the coast, lobster were captured at even smaller sizes and were 
consequently more extensively overfished. On the other hand, the stocks exploited by the Pedro Cays 
fishery were substantially underutilized. The model predicted that yield on the south coast of Jamaica 
could be increased by about 15% if l c were increased to the same value which prevailed in the Cays, i.e. 
about 100 mm carapace length. 

United States 

The U.S. lobster fishery was established in south Florida by 1920. The trap fishery expanded 
rapidly in the late 1940s. After 1965, over 50% of the Florida landings came from foreign waters, 
mostly from the Bahamas. After 1975, the Bahamas were closed to U.S. fishermen. Since effort 
estimates (number of traps) for the entire Florida fishery fail to distinguish between effort expended on 
different grounds, surplus production models have been fitted to 1952-1975 catch and effort data (Table 
63) for Munroe County, Florida, an area on the west coast which has traditionally supported a domestic 
fishery (Gulf of Mexico and South Atlantic FMCS, 1979a). The best fit to the data was obtained from 
an exponential (Fox) model. MSY estimates (Table 64) were increased by estimates of the recreational 
catch (10% of the average 1964-1977 commercial catch), domestic landings by the east coast fishery 
(10% of the MSY), and the unreported catch of undersized lobsters which was estimated to be 10% of 
the 1975 catch, but was not significant in previous years. Effort at MSY was increased by 10% to 
account for the east coast fishery. 

Several MSY estimates were obtained using slightly different data sets. Dramatic increases in 
effort were observed after 1969 (Table 63). Effort in 1975 was so extreme (almost twice the 1974 
effort and over four times the 1969 effort) that the estimate obtained from the 1952-1974 data set 
seemed more plausible, i.e. MSY O,000 tons. Catch and effort data compiled since 1970 were critical 
since the data compiled in the 1950s and 1960s were clustered within a narrow effort range (Figures 32 
and 33). Predicted MSY was exceeded for the first time on the west coast in 1970 and 1974 and fkxQV 
in 1974-1976. . MDT 

A-yield-per-recruit model has also been applied to the Florida west coast lobster fishery. Total 
mortality (Z) estimates were obtained from growth rate estimates of K l = 0.16 and K 2 = 0.215 (for 
three and four annual molts) and length parameters derived from length-frequency data reported on 
four different occasions from Florida waters (Table 65) according to the Beverton-Holt (1956) equation: 

(L w - T) 
Z = K -2 (5) 

(T-l c ) ^ 

where, v 

L s the asymptotic maximum length 
l c s size-at-first-capture 
I s mean size beyond l c 
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Each Z estimate was associated with a different fishing effort and natural mortality was estimated to 
equal 0.83 from the regression of Z versus effort (Table 66). However, following Munro's (1974a) 
suggestions that the principal source of natural mortality of lobsters is predation and that the 
abundance of large predatory fish is reduced in exploited reef areas, a minimum value of M was 
calculated to equal 0.4 from an estimate of F obtained from the exploitation rate equation (E = F/Z) 
when Z was estimated from the most recent available size data (Warner et al., 1977) for male and 
female lobsters, the length-weight relationship reported by Munro (1974a) and two different growth 
rates (Table 65) and the exploitation rate was estimated from Allen's (1953) equation: 

E = W c / W 
where, 

W c = weight-at-first-capture 

W = mean weight at capture 

In this instance, W c = 305 g, W = 410 g, and E = 0.74. Unadjusted natural mortality rates for 
Panulirus arqus estimated by four different authors varied from 0.40 to 1.03 (Table 66), but were 
generally greater than 0.80. 

Yield-per-recruit curves were derived for three estimates of M (0.83, 0.40 and 0.60) and two 
estimates of K (0.16 and 0.25), and were all "flat-topped 11 , indicating that very small increases in yield 
would be obtained from considerable increases in effort. The authors, using the average M = 0.60 and 
K = 0.20, and setting l c equal to 75 mm (the current minimum legal size in Florida), concluded that the 
Florida fishery was currently taking 95% of the maximum yield given the current level of effort 
(500,000 traps), but that the same yield could be taken with half the effort. 

The model was of little practical use for management purposes, but it did suggest that lobster 
populations can withstand considerable fishing effort, a conclusion that also seems apparent when one 
considers the negligible change in catch following recent dramatic increases in effort in Florida (Table 
63). Maximum Y/R predictions were very sensitive to changes in parameter values and the usefulness 
of the model is limited as long as recruitment is a significant variable. 

Puerto Rico and U.S. Virgin Islands 

Assessments have been performed with very limited information for the lobster resources in 
Puerto Rico and the U.S. Virgin Islands (Caribbean FMC, 1978), Catch and effort data for two years 
(1951 and 1976) in Puerto Rico were used to estimate an MSY of 234 tons and f M c Y of 6,500 traps. A 
total MSY of about 400 tons was estimated for the entire area from a natural mortality rate of 0.5 and 
a virgin stock biomass estimate based on a calculation of the amount of potential habitable reef area 
and an average density per unit area. Lobster density (7-19 kg/ha) was based on observations made 
during Tektite dives in the Virgin Islands and was higher than density estimates from other locations in 
the Caribbean (Table 67). Current catches for Puerto Rico and the Virgin Islands are near the predicted 
MSY. 

Venezuela 

Cabo de Barany et al. (1972) fitted an exponential surplus production model to catch-per-unit- 
ef fort and effort data collected from a small lobster fishery in Los Roques Archipelago, Venezuela, for 
eight fishing seasons (1962/63-1969/70). Effort was averaged for a two-year period, assuming that 
lobsters remain in the exploitable size range for four years. The results (MSY = 145 tons, f MSY = 6,000 
traps) were obtained by extrapolating the predicted yield curve to a presumed ximum. "his 
assessment has been updated with annual data through 1977 (Table 68). A lirmar model (Figure ^34) 
produced a MSY estimate of 130 tons and a f MSY estimate of 9,000 traps. The 1974 data were omitted 
from the analysis. The model indicated that IKe stock was overexploited between 1964 anc 1 1973. The 
amount of effort expended since 1974 has diminished to well below f MSY , producing much higher catch- 
per-unit-ef fort. No appreciable increase in yield over present levels can be expected. 
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Tafato 58 

Reported and estimated annual landings of spiny lobsters 
in the Western Central Atlantic, 1960-1978 



Reported Landings (UN) torn) 



Years 


Area 31 
J/ 


Northern 
Brazil 


Total 


1965-69 
1970-73 
1970-77 
1978 3/ 


15.3 
18.2 
18.9 
23.5 


4.6 y 
8.0 y 
7. 9 y 

7.6 I/ 


19.9 
26.2 
26.8 
31.1 



II FAO Statistical Yearbooks 

2/ Programt da Patquisa a Datanvolvimanto Paiquairo do Brasil, 197Ba 

I/ Praliminary data 



Eatimatad Landings ( I 000 torn) 



Years 


Area 31 


Northern 
Brazil 


Total 


1965-69 
1970-73 


16.3 
20.0 


4.5 
7.9 


20.8 
27.9 



Source* Wise, 1976 



Tabla 59 

Avaraga annual landings of spiny lobstars 
for major producing countries in the WECAFC region 



Country 


1960-69 J/ 


1970-73 I/ 


1974-78 


Cuba 
Brazil 


8,560 
3,760 


8,950 
7,900 


9,600 y 
7,700 I/ 


U.S.A. . 


' 2,120 


4,600 


3,120 y 


Nicaragua 


440 


580 


2,330 y 


Bahamas 


1,360 


1,280 


2,070 y 



From Wise (1976) 

FAO Statistical Yearbooks 

Programa da Pesqulsa e Desenvolvimento Pesquelro do Brasil, 1978a 
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Table 60 

Catch, fishing effort and catch par unit effort data 
for tha Brazilian spiny lobstar fishery, 1965-1977 



Year 


Total Catch 
('000 1) 


Fishing Effort 
(million 
trap days) 


Yield 
(kg par 
trap day) 


1965 


3.5 


3.1 


1.12 


1966 


3.2 


4.0 


.81 


1967 


3.1 


4.5 


.69 


1968 


5.5 


8.3 


.67 


1969 


7.8 


13.9 


.57 


1970 


8.3 


14.5 


.58 


1971 


7.1 


14.7 


.48 


1972 


8.5 


22.4 


.38 


1973 


7.9 


27.3 


.29 


1974 


9.2 


25.6 


.36 


1975 


6.6 


24.1 


.27 


1976 


7.0 


26.4 


.27 


1977 11 


8.3 


28.6 


.29 



Programa da Pasquisa a Desenvolvimanto Pesqueiro do Brasil, 1978a 
I/ 1977 data ware not included in the yield analysis 
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Tabto 61 

Catch, fishing effort and catch-per-unit-eff ort for spiny lobster (Panulirus arqus and 
Panulirus laevicauda) harvested north and south of the equator in northern and 

northeastern Brazil, 1965-1977. 
Weights are whole weight and were calculated from tail weights 



Year 


NORTH OF THE EQUATOR 


SOUTH OF THE EQUATOR 


Catch 
(tons) 


Effort 
(10 s 
trap-days) 


CPUE 
(kg/ 
trap-day) 


Catch 
(tons) 


Effort 
(10 s 
trap-days) 


CPUE 
(kg/ 
trap-day) 


1965 


2544 


2.1 


1.21 


963 


1.0 


0.91 


1966 


2520 


3.1 


0.81 


722 


0.9 


0.77 


1967 


2832 


4.0 


0.71 


282 


0.5 


0.61 


1968 


4757 


6.5 


0.73 


779 


1.2 


0.66 


1969 


6267 


11.5 


0.54 


1557 


2.4 


0.66 


1970 


6180 


10.8 


0.57 


2199 


3.7 


0.59 


1971 


5526 


12.0 


0.64 


1648 


2.7 


0.61 


1972 


6541 


16.4 


0.40 


1994 


6.0 


0.33 


1973 


6431 


23.2 


0.28 


1466 


4.1 


0.36 


1974 


6875 


16.9 


0.41 


2356 


8.7 


0.27 


1975 


5385 


20.2 


0.27 


1294 


3.9 


0.33 


1976 


5490 


20.4 


0.27 


1461 


6.0 


0.24 


1977 


6836 


22.1 


0.31 


1465 


6.7 


0.22 



Source: Programa de Pesquisa e Desenvolvimento Pesqueiro do Brasil, 1978a 



Table 62 

Relative biomass estimates of predatory fishes on inshore and offshore 
Jamaican reefs as determined from catch rates in hexagonal wire fish traps 





Catch Rate 




Area 


(kg/1000 


Relative Biomass 




trap-nights) 




Unexplolted Pedro Bank 


718.3 


1.00 


Pedro Cays area 


355.8 


0.50 


California Bank 


188.9 


0.26 


South Jamaican shelf 


161.0 


0.22 


Port Royal reefs 


53.7 


0.14 



Sourcei Munro, 1974a 

I/ Observed estimate (0.07) doubled since traps in this location were unbaited 
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Table 63 

Catch, fishing effort and catch-per-unit-effort-data 
for the Munroe County, Florida, spiny lobster fishery, 1952-1976 



Year 


Catch 
(tons) 


Effort 
(No.of traps) 


CPUE 
(kg/trap) 


1952 


440 


4,500 


98.2 


1953 


405 


6,500 


61.8 


1954 


335 


11,690 


28.6 


1955 


560 


12,700 


42.9 


1956 


1065 


16,775 


63.1 


1957 


1560 


21,720 


71.0 


1958 


1075 


23,221 


46.1 


1959 


1215 


33,612 


35.9 


1960 


980 


54,640 


18.0 


1961 


970 


38,990 


24.9 


1962 


1120 


58,250 


19.4 


1963 


1275 


60,050 


21.2 


1964 


1300 


73,553 


18.0 


1965 


2020 


89,700 


22.6 


1966 


1690 


74,550 


22.6 


1967 


1260 


91,800 


13.8 


196B 


1805 


98,500 


18.4 


1969 


2145 


96,955 


22.1 


1970 


3160 


150,050 


21.2 


1971 


2205 


147,037 


14.8 


1972 


2257 


174,490 


12.9 


1973 


2440 


171,590 


14.3 


1974 


2950 


227,250 


12.9 


1975 


2295 


428,250 


5.5 


1976 I/ . 


1905 


305,000 


6.4 



Marina Fisheries Sarvlca, Fishery Statistic, of the United 

En* <* ~p rt - d "y tha Gulf of M0xlco and ^ 

Atlantic FMC, 1979a 



I/ Unpublished preliminary figures 
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Table 64 

Adjusted and unadjusted maximum sustainable yield (MSY) estimates 

and corresponding amount of fishing effort (f^sy) for 

the U.S. South Florida spiny lobster fishery 



Years 


MSY 
(tons) 


Adjusted 
MSY I/ 


f MSY 
(No.of traps) 


Adjusted 
f MSY 2/ 


1952-75 


2645 


3360 


176,000 


194,000 


1952-74 


2440 


2930 






1952-71 


2070 


2485 







Source: Gulf of Mexico and South Atlantic FMCs, 1979a 

I/ Adjusted to include recreational catch, unreported commercial 
landings and landings from U.S. waters by Florida east coast 
fishery 

2/ Adjusted to include effort in U.S. waters by Florida east coast 
fishery 



Table 65 

Length parameters obtained from data collected from Florida lobster 

populations, on four different occasions, and resulting total 
mortality estimates, estimated for two different growth rates 





Source 


Parameter 


Davis 
(1977) 


Dawson & 
Idyll 
(1951) 


Robinson & 
Dimitriou 
(1963) 


Warner 
et al. 
(1977) 


L_J/ 


190 


190 


190 


190 


l c i/ 


65 


75 


75 


65 


I I/ 


89 - 


93 


89 


78 


Zj 


.68 


.86 


1.15 


1.38 


* 


.90 


1.13 


1.51 


1.81 



17 Z was estimated separately from different L M estimates 
for males and females, since males grow to a slightly 
larger size (L w 200 mm), but Y/R analyses were only 
carried out for L, 190 mm 

2/ Length parameters expressed in mm carapace length. 
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Tabto 66 

Estimates of natural mortality rates 
for Caribbean spiny lobster (Panulirus arqus) 



Source 


Location 


M 


Method 


Munro, 1974a 


Pedro Bank 


1.03 


Catch curves 








for unexploited stock 


Gulf of Mexico and 
S.Atlantic FMCs, 1979a 


Florida 


0.83 


Regression of total 
mortality versus effort 


Olsen and Koblick, 
1975 


U.S. 
Virgin Islands 


0.41-0.65 


Catch curve analysis 


Santos & Ivo. 
1973 


Brazil 


0.94 


Regression of total 
mortality versus effort 
in two different years 



Table 67 

Estimates of adult spiny lobster (Panulirus arqus) densities 
for various locations in the Caribbean 



Source 


Location 


Density 
(kg/km *) 


Method 


Peacock, 1974 


Barbuda 


135-256 U 


Tagging study 


Cabo de Barany et al., 
1972 


Los Roques, 
Venezuela 


162 U 


Catch rates 


Vidaeus. 1970 


Jamaican 
Shelf 


159 U 


Catch rates 


Olsen et ah, 
1975 


U.S. 
Virgin Islands 


700-1900 1/ 


Observation 



I/ Standing stock estimates 
21 Production figures 
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Table 6B 

Catch, fishing effort and catch-par-unit-effort for the spiny lobster fishery 
in Los Rogues Archipelago, Venezuela; 1962-1977 



Year 


Catch 
(tons) 


Fishing Effort 
(No. of traps) 


Catch/Unit effort 
(kg/trap) 


1962 


153 


7,760 


19.7 


1963 


125 


8,650 


14.5 


1964 


120 


10,100 


11.9 


1965 


112 


12,860 


8.7 


1966 


126 


10,990 


11.5 


1967 


110 


12,035 


9.1 


1968 


106 


11,176 


9.5 


1969 


96 


13,500 


7.1 


1970 


93 


13,500 


6.9 


1971 


104 


13,580 


7.7 


1972 


104 


11,833 


8.8 


1973 


129 


11,833 


10.9 


1974 I/ 


51 


6,000 


8.5 


1975 


129 


9,000 




14.3 


1976 


123 


7,659 


16.1 


1977 


127 


6,605 


19.2 



Source: Political da Desarrollo Petquero (UNDP). 1979 
I/ The 1974 data were omitted from the yield analysis 
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1-160 




I 
12 



80 



10 12 14 

AVERAGE EFFORT (I0 3 TRAPS/ TWO YEARS) 



Figure 34 Linear regression of estimated 1962-1977 CPUE versus average effort for spiny 
lobster harvested in Los Roques Archipelago, Venezuela and the predicted yield 
curve. Effort was averaged over a two-year period and catch is in whole weight 
(Source: Politicas de Desarrollo. Pesquero, 1979) 
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CHAPTER 9: CRABS 

Reported commercial landings of crabs in the WECAFC region have fluctuated around 40,000 tons 
a year for the last 20 years (Table 4). The principal species is the blue crab (Callinectes sapidus). Blue 
crabs are harvested primarily in the U.S. (also in Mexico) and account for 75% of the current reported 
landings. Blue crab landings in the Western Central Atlantic represent about half of the total U.S. 
commercial production. This resource is probably underutilized, but no stock assessments have been 
attempted given the lack of effort data. Actual catch probably exceeds reported landings since this 
species is also harvested by recreational and subsistence fisheries. Deuel (unpublished data) estimated 
that 12,000 tons of crabs were harvested by U.S. recreational fishermen in the WECAFC area in 1975. 
Presumably most of this catch was blue crabs. 

Additional species of commercial importance are the "siri" crabs (principally Callinectes danae) in 
Brazil, and stone crabs (Menippe mercenaria) in Florida. Munro (1974a) also observed significant 
catches of Mithrax spinosissimus, a large species of spider crab, in traps on the shallow, exploited reefs 
on the south coast of Jamaica. Assuming that 50% of the total reported Brazilian landings of crabs 
come from the northeast coast, i.e. within WECAFC waters (Paiva et al., 1971), production is currently 
between 5 and 6 thousand tons and was higher during the late 1960s and early 1970s. 

U.S. landings of stone crabs increased from 150 tons in the early 1960s to nearly 1,000 tons (claw 
weight) in the 1977-1978 season. Cuban landings were first reported in 1975 and have reached nearly 
2,000 tons in recent years. Small quantities of stone crab (100 tons or less in recent years) are also 
reported from the Dominican Republic. Some of the catch may be of a smaller species, Menippe 
nodifrons. 

Most of the Callinectes crabs inhabit the shallow, inshore littoral zone and are abundant in 
estuaries. They are harvested by hand with a variety of gear and are also caught in pots, nets, with 
trotlines and in bottom trawls. The principal stone crab gear is a small, wooden lath pot. 

Assessment* 

Gulland (1971) estimated a potential crab catch of 80,000-150,000 tons in the WECAFC region 
(excluding Brazil). Bullis et al. (1971) estimated 180,000 tons for the same area. Present catches are 
probably below the potential yield even when unreported sources are considered. The only unit stock 
assessment performed was for the Florida stone crab fishery (Gulf of Mexico FMC, 1979b). 

Although stone crabs (Menippe mercenaria) range from North Carolina to Yucatan, the only U.S. 
fishery for this species is in Florida, principally on the west coast. Stone crabs harvested in Cuba 
presumably belong to a different stock or a completely different species (M. nodifrons). Commercial 
catch (claw weight) and effort (number of traps) data from western Florida were available for the 
period 1962-1978 (Table 69). Catch-per-unit-effort and effort data have been analysed with both linear 
and exponential surplus production equations (Gulf of Mexico FMC, 1979b). The following MSY 
estimates were increased by 20% to account for the unreported recreational catch: 

Model ' MSY (claw tons) f MSY ( Number of traps) 

Linear 660 155,000 

Exponential 630 204,000 

According to these results, the resource was over-exploited in 1976-77. Current effort is estimated at 
over 250,000 traps. 

This assessment was not satisfactory. The fishery began to expand into deeper, offshore grounds 
in the early 1970s as indicated by large increases in catch and effort in recent years (Table 69). Neither 
the linear nor the exponential models fit the observed data very well (Figure 35) and the predicted yield 
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curves (Figure 36) only fit catch data prior to the 1972-73 season. The possibility that two stocks are 
being exploited by the same fishery cannot be ignored. Also, effort was measured as the number of 
traps reported and may significantly underestimate actual trap use. The state of Florida issued 535,000 
trap permits in 1977-78, twice the number of reported traps (Gulf of Mexico FMC, 1979b). 

The decline in catch-per-unit-effort and the expansion of the fishery into deeper water do suggest 
that the resource, at least in inshore waters, is heavily exploited. Sullivan (in press) reported a heavy 
fishing mortality (30-50%) of legal-sized crabs during a recent fishing season, but also noted that a 
large reserve of sub-legal size crabs was present on the fishing grounds. Any attempt to improve the 
assessment for this resource using growth and mortality estimates must consider the fact that crabs are 
returned to the water once their claws are removed to regenerate new ones. Savage et al. (1975) 
estimated the percentage of regenerated claws which are harvested annually to be less than 5%. 



Table 69 

1962-1978 catch, fishing effort and catch-per-unit-effort data 

for the Florida west coast stone crab fishery, by fishing season. 

Catch is in claw weight (equal to one-half whole weight) 



Season 


Catch 
(tons) 


Effort 
('000 traps) 


CPUE 
(kg/trap) 


1962-63 


135 


14.6 


9.5 


1963-64 


160 


15.0 


10.7 


1964-65 


160 


21.0 


7.7 


1965-66 


205 


19.7 


10.5 


1966-67 


180 


43.2 


4.3 


1967-68 


250 


39.3 


6.4 


1968-69 


275 


55.9 


4.9 


1969-70 


320 


36.0 


8.9 


1970-71 


385 


60.8 


6.4 


1971-72 


430 


73.7 


5.9 


1972-73 


410 


113.3 


3.6 


1973-74 


570 


143.0 


4.0 


1974-75 


455 


159.1 


2.9 


1975-76 


525 


193.2 


2.8 


1976-77 


660 


213.8 


3.1 


1977-78 


955 


264.3 


3.7 



Source: Gulf of Mexico FMC, 1979b 
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v 66/67 
4X ^64/?5 
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EFFORT 



zoo 
(I0 3 TRAPS) 



300 



Flour* 36 Annual estimated 1962/63-1977/78 catch (claw weight) and effort and yield 
curves predicted by the exponential (E) and linear (L) surplus production 
models for stone crabs (Menippe mercenaria) harvested by the U.S. Florida 
commercial fishery (Source: Gulf of Mexico FMC, 1979b) 
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CHAPTER 10: MOLLUSCS 

A great variety of molluscs are harvested in the Western Central Atlantic. Fischer (1978) listed 
38 species of edible bivalves, 4 chitons and 24 gastropods and Voss (1973) mentioned 10 utilized species 
of squid and octopus. Mollusc fisheries are conducted at both the industrial and artisans! levels, but 
the majority of the harvested species are collected by hand and not reported. Reported landings in 
1978 totalled 260,000 tons whole weight in statistical area 31 (Table 4), but probably under-estimated 
actual harvest by a wide margin. 36,000 tons of assorted shellfish (excluding crabs) were reportedly 
harvested by U.S. recreational fishermen in WECAFC waters in 1975 (Table 6). Some species (oysters, 
ark clams) are canned, while others (squid, octopus, conch) are frozen. 

Molluscan resources in the Western Central Atlantic are consumed locally and also support a 
valuable export trade. Aside from several estimates of shellfish density and biomass on localized 
fishing grounds, no assessments have been conducted. 

Bivalves 

Bivalves account for nearly all the reported commercial mollusc landings in the area (Table 70). 
Directed fisheries for oysters, scallops and hard clams exist in the U.S., for ark clams in Venezuela, and 
for oysters in Mexico. The majority of the reported landings (72%) are American oysters (Crassostrea 
virqinica) which are dredged or collected with tongs in shallow hard bottom areas less than 10 m deep in 
the United States and northeastern Mexico. Mangrove oysters (Crassostrea rhizophorae) are collected 
by hand from mangrove roots throughout the Caribbean islands and from Mexico to Brazil. Neither the 
actual harvest nor the resource potential of mangrove oysters is known, although they are a candidate 
for aquaculture. 

A number of species of scallops are harvested. Two sub-species of the bay scallop (Argopecten 
irradians) are collected in coastal lagoons and bays from north of Cape Hatteras through the Gulf of 
Mexico to Colombia. Commercial harvest of this species is insignificant. Exploitable concentrations 
of the calico scallop (Agropecten gibbus) have been located on offshore grounds (20-80 m) in eastern and 
northwestern Florida and North Carolina (Cummins, 1971), although it is found throughout the region. 
This species supports a small commercial fishery in the U.S. Nearly 10,000 tons were harvested with 
trawls and dredges in 1978 (Table 70). Four species of scallops are harvested by trawlers in Venezuela 
(Salaya and Penchaszadeh, 1979). A small directed trawl fishery for scallops, principally Pecten 
papyraceus, developed in eastern Venezuela in 1972, but production has declined since the closing of 
primary grounds to trawling in 1973. The same authors reported that scallops (Pecten laurenti) are 
harvested incidentally by shrimp trawlers in Colombia. 

Because calico and bay scallops are short-lived (two years or less), grow rapidly, mature early and 
have a high reproductive potential. Populations are therefore subject to wide and unpredictable 
fluctuations in abundance. At the same time, biomass which is not harvested is lost via natural 
mortality. Below a certain minimum density and average size, calico scallops are not economical to 
harvest, a fact which discourages over-exploitation. Scallop resources in the Westen Central Atlantic 
are assumed to be underutilized. 

A sizeable commercial and artisanal dredge fishery for ark clams (Area zebra) is conducted in 
Venezuelan shelf waters east of Isla Margarita. The fishery opened in 1940. Reported average annual 
landings increased from 3,800 tons in 1965-69 to 9,150 tons in 1970-77 (Table 4). 1978 landings 
exceeded 40,000 tons (Table 70). Independent estimates of biomass on the largest bank (El Tirano) 
obtained from catch data and a tagging study were 34,000-42,500 tons (Politicas de Desarrollo 
Pesquero, 1978). This species is distributed in shallow water throughout most of the region. If 
sufficient markets could be developed, the ark clam fishery could presumably be expanded to other 
countries. 

Two species of hardshell clam (Mercenaria spp.) are harvested commercially in the southeastern 
U.S. and western Florida. One sub-species of M. mercenaria is found on the U.S. Atlantic coast north of 
Florida and another from Texas to Campeche, Mexico. M. campechiensis is found principally in 
offshore coastal waters on the Atlantic coast and on in tertidaT flats and in protected lagoons and bays 
from Florida to Yucatan. 
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Gastropods 

According to Fischer (1978), the most important edible gastropod resources in the Western 
Central Atlantic are the queen conch (Strombus qiqas) and the West Indian top shell (Cittarium pica). 
Top shells are not harvested commercially and no catch estimates are available. Conchs represenTan 
important commercial resource. S. giqas is abundant on turtle grass flats in the Caribbean islands, 
southern Florida, Bermuda and the coasts of Central and South America in 1-30 m of water and can be 
easily collected by hand, either from small boats or by divers. Other species of conch (or whelk) which 
are also collected by hand or incidentally in shrimp trawls include Strombus costatus, Melonqena 
melonqena, and Busycon perversum (Fischer, 1978). 

Reliable production figures do not exist for conchs. Stevely (1979) reported that U.S. imports of 
frozen conch meat doubled between 1970 and 1975 and have levelled off in recent years despite a 
continuing rise in prices and that production in Belize declined by 50% between 1972 and 1977. Given 
the ease with which conchs can be harvested, it is not surprising that the resource may be overexploited 
in areas of more intense fishing pressure. 

Cephalopoda 

Fischer (1978) listed 83 species of squid and 27 species of octopus in FAO statistical area 31. 
Reported landings estimates from area 31 (Table 70) were only 3,500 tons in 1978. Less than 1,000 tons 
were reported for all of Brazil in 1978 (FAO, 1979). Most of the reported landings are for octopus 
harvested in Mexico. The actual catch of octopus is probably much higher. Squid are caught 
incidentally in shrimp trawls and represent a large resource which is, for all practical purposes, 
completely unexploited at present. The octopus resource is also presumed to be very large, although 
population sizes are limited by the amount of available bottom habitat. Gulland (1971) suggested a 
total potential of more than 100,000 tons of cephalopoda in area 31, possibly as much as 0.5-1.0 million 
tons, but not as high as 2 million tons. Development of expanded squid and octopus fisheries requires 
market outlets; frozen, canned and dried products are currently produced by countries outside the 
WECAFC region and constitute valuable export commodities. 

Since squid and octopus species are not distinguished in landings statistics, it is difficult to 
identify which species are currently exploited. Voss (1973) reported that small quantities of Loligo 
pealei, Loliiquncula brevis and Loliqo plei are caught incidentally in bottom trawls in the southeastern 
United States and Gulf of Mexico. There is a small directed fishery for squid on Campeche Bank. 
Three species of Iliex which occur in shelf waters of the Western Central Atlantic are harvested in 
other areas: lilex illecebrosus and Illex oxyqpnius are more northern species, while Illex coindetti is 
more widespread and seems to have alTigh yield potential (Fischer, 1978). There are also a number of 
larger, cosmopolitan oceanic species which occur in the Western Central Atlantic but are not harvested. 
Another species which is found in coral reef areas is Sepioteuthis sepioidea. Other species of this 
genus are fished extensively in the Indo-Pacific (Fischer, 1978). 

Rathjen et al. (1979) summarized the results of exploratory squid fishing with bottom trawls, squid 
jigs and dipnets (with night lights) in the western Gulf of Mexico. The best catches were made in the 
Gulf of Campeche and on the western edges of Campeche Bank. Principal species caught were L. 
pealei, L. plei and L. brevis. These three species showed fairly well-defined depth preferences. These 
authors failed to observe any feeding or spawning concentration of squid in the area. Squid are very 
active and undergo seasonal inshore-offshore and vertical diurnal migrations. Commercial exploitation 
would require gear such as mid-water trawls and lampara nets with night lights. 

Squid are typically short-lived, grow rapidly, have high mortality rates and are prolific spawners. 
Populations are subject to abrupt changes in seasonal and annual abundance so that assessments based 
on conventional equilibrium yield models therefore do not seem very feasible. 

Octopus are caught by hand (hook, poles, spears) and in clay pots. The best known species, 
Octopus vulqaris. inhabits a variety of bottom types. Landings for this species reported from Mexico 
SFrfeaTrSTifTfact, Octopus mayo. Landings of over 6,000 tons were reported In Mexico -in ,1977. 
Other species which ^T^SolfTlfelude O. macropus and O. briarius (F scher, 1978). ^opus live for 
1-2 years. Fertiale octopus produce a single brood which they protect until the eggs hatch. The males 
die after mating and the females after the eggs are hatched. 
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Table 70 

1978 nominal catches of bivalve molluscs, conchs and cephalopods 

from the Western Central Atlantic ocean 

(FAO Statistical Area 31) 



Bivalve Molluscs: 


Species 
or Family 


Catch by Country* 
('000 tons) 


Total 








American oyster 

Mangrove oyster 
Calico scallop 


Crassostrea virqinica 


U.S.A. 148.0 
Mexico 33.5 

Cuba 
U.S.A. 


181.5 
2.9 
9.5 


Crassostrea rhizophora 


Arqopecten qibbus 


Bay scallop 
Other scallops 


Arqopecten irradians 


U.S.A. 
U.S.A. 


4.0 
4.0 




Ark clams 
Hard clams 

Venus clams 


Area zebra 


Venezuela 
U.S.A. 
Mexico 


41.3 
5.5 
1.7 


Mercenaria mercenaria 


Mercenaria campechiensis 


Veneridae 


Mussels 
Conchs, Whelks 


Perna perna 


Venezuela 
Mexico 


1.2 
4.8 


Melongenidae, Strombidae 


Cephalopods: 








Squid 


Loliqo spp. 


- 


0.7 


Octopus 


Octopus vulqaris 


Mexico 


2.3 




Octopodidae 


Venezuela 


0.5 


TOTAL: 






260.0 



Source: FAO Yearbook of Fishery Statistics, Vol. 46 
* Principal reporting countries only 
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CHAPTER 11 : SUMMARY 

Total annual commercial landings of 1.5-1.7 million tons were reported for the Western Central 
Atlantic between 1974 and 1977. The 1978 catch (2 million tons) represented 2.8% of the total world 
production. Menhaden account for nearly half of all reported landings in the WECAFC region. Total 
landings of all other species have remained stable at about 1 million tons since at least 1964. Major 
producing countries are the U.S., Mexico, Venezuela, Brazil and Cuba. These five countries produced 
94% of the total reported 1978 catch. Estimates of fish discards from shrimp trawlers increased 
current harvest figures by an additional 1.0 to 1.5 million tons. In addition to discarded groundfish, 
substantially underutilized resources in the region include a number of small coastal pelagic speices, 
squid, sharks and seabob shrimp. 

Ground fish 

Reported commercial landings averaged about 200,000 tons a year in recent years, representing 
10% of the total regional landings. An additional 80,000 tons was estimated for the U.S. recreational 
fishery in 1975. As much as 80% or more of the total estimated groundfish catch in the WECAFC area 
is currently discarded at sea. A conservative estimate of the quantity of groundfish discarded by 
shrimp trawlers (1 million tons a year) was based on fish/shrimp discard ratios which varied between 3.0 
and 20.0 for different areas. Principal fishing grounds are located on the continental shelf in the 
northern Gulf of Mexico, on Campeche Bank and in Venezuela and northeastern South America. 

Assessments of groundfish stocks in the WECAFC region have been primarily based on trawl 
surveys conducted during the last 20 years. Procedures proposed by Klima (1976) for adjusting observed 
catch rates to account for the capture efficiencies of different trawls were adopted in this report. 
Maximum potential yield (Y max ) was calculated from standing stock estimates by means of the yield 
equation Y mQX a 0.5 ZB (Gulland, 1971). Estimates were very approximate since: (1) biomass (B) 
estimates were based on highly variable catch rates, and (2) common mortality estimates were applied 
to large numbers of species and were not known with any certainty. Total mortalitiy (Z) rates ranged 
from 0.50 to 0.85. 

The total estimated standing stock of groundfish on continental shelves in the entire region 
(excluding Central America) was 6.0 to 9.7 million tons and the total potential yield was 2.0-3.2 million 
tons. Total catch was estimated to be 1.3-1.8 million tons, including shrimp discards and U.S. 
recreational landings. According to these estimates, 55-65% of the maximum potential groundfish yield 
is currently being harvested and only 6-10% is directly utilized. Clearly, the greatest source of 
increased production in the WECAFC area which is readily accessible to existing capture techniques is 
the 1.0 to 1.5 million tons of groundfish which is presently discarded at sea. However, until such time 
as it becomes economically feasible to retain and process this fish, it will continue to be wasted. 

Grounds with the greatest potential for increased groundfish production seem to be Campeche 
Bank and the northern and northeast coasts of South America, although discards in these areas may be 
under-estimated. According to available catch and Y estimates, harvest in the Guianas and Brazil 
could be increased three to five times (i.e. by an additional 450,000-950,000 tons) beyond present catch 
without endangering the stocks. Increases of 130,000-180,000 tons might be expected from the Central 
American and Colombian/Venezuelan coast, except that most of the coralline shelf east of Honduras 
and Nicaragua is too rough for trawling. The possibility of increased production on Campeche Bank is 
suggested by the fact that 75,000 tons of groundfish were harvested by Soviet trawlers in 1972 and 
1975. Extensive trawl surveys in the Gulf of Mexico indicate that currant harvest may be slightly below 

max* 

Regardless of the fact that the harvest of groundfish resources in the Western Central Atlantic 
may be modestly increased, increased production will require a more complete utilization of discards 
from existing shrimp fleets, a development which in turn depends on an improved market demand for 
discarded groundfish. Deep water groundfish resources (e.g. hake) are presently unexploited and could 
support substantially increased catches if proper harvest techniques are applied. 
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Sharks 

Sharks are not presently subject to any large-scale commercial fishery in the WECAFC area, 
although annual catches probably exceeded the 12,000 tons a year reported during 1974-1978. Bullis et 
al. (1971) estimated a total standing stock of 600,000 tons in statistical area 31. Since sharks have a 
very low reproductive potential and recruitment is strongly dependent on stock size, the standard form 
of the yield equation (Gulland, 1971) was modified for the assessment of shark resources in the U.S. 
Gulf of Mexico (Gulf of Mexico PMC, 1979) to Y m - x = 0.25 MB . An average MrO.30 was used for all 
shark assessments. Biomass estimates for large and small sharks and for skates and rays in inshore and 
offshore waters were based on very approximate average catch rates from a variety of fishing gears 
reported by Builis et al. (1971). Total Gulf of Mexico MSY was estimated to be 16,000-25,000 tons, 
80% for inshore species and 50% of this for small sharks. Total catch (all sources) in the U.S. Gulf of 
Mexico in 1978 was estimated to be 7,600 tons. Individual species of large sharks which are believed to 
be in danger of over-exploitation in inshore waters of the Gulf are bull shark, lemon shark and dusky 
shark. A conservative MSY of 45,000 tons was estimated for all species in the entire WECAFC area. 

Reef fish 

Reef fish resources are exploited in areas of rough bottom on continental shelves and on island 
reefs and offshore banks with pots, handlines and longlines throughout the WECAFC area. Because this 
resource is composed of a large number of species and is exploited predominantly by small-scale 
fishermen who land fish in remote locations, reliable catch and effort statistics are only available for 
Cuban, Mexican, U.S. and Brazilian commercial fleets which primarily harvest snapper and grouper on 
the continental shelves. Reported commercial catches of grunts, snappers and groupers averaged 
72,000 tons a year in statistical area 31 during 1970-1978, and Munro (1977) estimated a 1968 catch of 
100,000 tons from island shelves and offshore banks in the Caribbean and the Bahamas. U.S. 
recreational landings of 30,000 tons were estimated for 1975 (Deuel, unpublished data). Reef fish 
resources in deeper water near the shelf edge of islands and banks in the Caribbean are reportedly 
underutilized. 

An average catch rate for all demersal reef species in the Caribbean (1 ton/km 2 ) produced a rough 
Y max estimate of 280,000 tons from insular shelves and offshore banks. Although actual catch is 
probably considerably higher than the 100,000 tons reported by Munro, there is apparently a potential 
for increased production, especially in deeper water along the shelf edge in locations where traditional 
fishing activity has been minimal. 

Trawl survey data have been used to estimate the standing stock and potential yield of reef 
species in the southeastern U.S. and on Campeche Bank, but since a trawl is a poor sampling gear to 
deploy in areas of rough bottom, these estimates are not very reliable. Yield/recruit models were 
applied to individual species in the same two locations. In the southeastern U.S., growth and mortality 
rates were estimated for seven reef species (Huntsman et al., MS.). For all species, a small increase in 
yield was predicted for fishing mortality rates greater than 0.30, the approximate prevailing rate. This 
analysis provided a basis for recommending that yields not exceed the 1977 production of 7,000 tons 
(South Atlantic FMC, 1978). A Y/R model was applied to Epinephelus mprio, the principal species 
exploited on Campeche Bank, by Melo (1976), who predicted that yield could be doubled if the age-at- 
first-capture was increased from two to six years. Present catch equals about 20,000 tons. 

Surplus production models have been applied to catch and effort data in the U.S. Gulf of Mexico 
(Gulf of Mexico FMC, 1979a) and northern Brazil (Programa de POP do Brasil, 1978). Attempts to 
estimate MSY in the Gulf from commercial and recreational catch and effort data were inconclusive. 
A potential yield estimate of 40,000 tons for all reef species was obtained by applying an average catch 
rate of 1 ton/km 2 to areas of rough bottom in the Gulf. Present catch was estimated between 15,000 
and 20,000 tons and is composed primarily of snapper and grouper. However, reductions in the mean 
catch per vessel and size-at-capture in the U.S. commercial catch in recent years suggest that 
snapper/grouper stocks may be in danger of overexploitation. Other reef species which are not 
harvested in large quantities by handlines, longlines or incidentally by shrimp trawlers are underutilized. 
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The assessment of the Lutjanus purpureus resource in northern Brazil was based on historical 
catch and effort data from the early years of the fishery to the present (1966-1977) and produced a 
good agreement between predicted and observed yields. Estimated MSY was 5,800 tons, approximately 
equal to 1975 and 1976 landings, but lower than 1977 landings by about 1,000 tons. The reported 1977 
fishing effort was twice the predicted f MS y. 



Coastal pelaqics 

With the exception of approximate Y estimates based on standing stocks estimated from egg 
and larval surveys in the eastern Gulf of Mexico and Y/R assessments of king and Spanish mackerel 
stocks in U.S. and Mexican waters, no reliable estimates of the potential yield of coastal pelagic species 
in the WECAFC area were available. Nevertheless, stocks of smaller carangid and clupeid species have 
frequently been described as the greatest underutilized resource in the region. Standing stock 
estimates could be as high as 10 million tons (Bullis, et al., 1971) and potential yields (including 
menhaden) have been estimated at 2.5-3.2 million tons (Gulland, 1971). Large-scale exploitation of 
these resources will not be economically feasible, however, until more efficient harvest techniques are 
developed and additional processing facilities are available. These resources would be used primarily to 
produce fish meal and oil. 

Reliable catch statistics do not exist for most of the smaller, underutilized pelagic species in the 
region. The major directed fishery is for Spanish sardine (Sardinella aurita) in Venezuela; reported 
landings averaged 40,000 tons a year between 1961 and 1975! Potential yield for this fishery probably 
does not exceed current production. Reported landings of mullet, jacks and mackerel totalled 75,000 
tons in 1978. Reintjes (1979) speculated that less than 10% of the actual catch of pelagic species in the 
region is reported. 



Standing stock estimates based on 1971-1974 egg and larval surveys off the west coast of Florida 
(Houde et al., 1971) were highly variable, but three clupeid species (Opisthonema pglinum, Etrumeus 
teres, an3 Harenqula jaguana; and one carangid (Decapterus punctatus) were -within the 100,000-700,000 
ton range and the standing stock of Spanish sardine is believed to exceed 200,000 tons. The total 
standing stock of pelagic fishes in the area is 1.5-3.0 million tons and, assuming natural mortality rates 
of 0.40 and 1.0, Y max totalled 240,000-560,000 tons. 

Yield-per-recruit assessments of Spanish and king mackerel (Scomberomorus maculatus and S. 
cavalla) were based on a range of probable parameter values (Gulf of Mexico and South Atlantic FMCs, 
1979). Recruitment was estimated from inferred population sizes, and based on the "best" available 
parameter estimates in 1975, MSY was calculated to be 17,000 tons for king mackerel and 12,500 tons 
for Spanish mackerel. Estimated 1975 U.S. commercial and recreational catches for these two species 
were 14,000 and 9,300 tons, respectively, suggesting that neither stock was over-exploited in 1975. 

Y/R analyses for Spanish mackerel on the Mexican coast produced apparently contradictory 
results depending on the parameter estimates which were used. Klima (1976a) concluded that the stock 
was nearly fully exploited, while Doi and Mendizabal (1979) reported that yield could be doubled by 
increasing effort as long as the age composition remained the same. 

Menhaden 

Landings of 914,000 tons of menhaden in 1978 accounted for 46%.of the total reported production 
in the WECAFC area. A single stock of Atlantic menhaden (Brevoortia tyrannus) is exploited along the 
east coast of the U.S. Landings declined dramatically in 1963 following the heavy exploitat Ion , of 
unusually abundant 1955, 1956 and 1958 year-classes and have stabilized since 1970, i * T *V l "3> 
tons a year. Twenty-three percent of the 1975-1978 catch was harvested in the WECAFC area, i.e. 
south of Cape Hatteras. A record high catch of 712,000 tons was recorded in 1956. Gulf ""** 
(Brevoortia patronus) landings have generally increased since the 1970s and reached high records of 
tons in W8 and 1979. The future of the Gulf menhaden fishery is uncertain. 
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Considerable biological information has been compiled for both species, but particularly for 
Atlantic menhaden. The assessment of the Atlantic stock represents the most complete resource 
evaluation which has been conducted in the region. MSY has been estimated with surplus production 
models, a dynamic pool model and an empirical multiple regression equation which includes 
environmental variables. A surplus production model was originally fitted to 1955-1969 catch and 
effort data (Schaaf and Huntsman, 1972) and later updated to include data through 1973 (Schaaf, 1975). 
Effort was estimated as the number of vessel-weeks and was standardized first to a 1969 vessel-week 
and later to a 1971 vessel-week. This report extended the surplus production model to include data 
through 1979, using unadjusted 1972-1979 effort data. MSY estimated from these three analyses only 
varied by 60,000 tons (560,000-620,000 tons), but was significantly higher than the MSY of 380,000 tons 
predicted by the dynamic pool model (Schaaf and Huntsman, 1972;. The lower estimate was believed to 
be more reliable since it was based on average recruitment rates. Although current yields may not 
exceed MSY, current effort is much greater than f^SY and even exceeds the maximum fishing 
mortality rate which the population can sustain without eventually declining to zero. Increased 
catches could presumably be taken if effort were reduced to take advantage of future large year- 
classes by maintaining a spawning stock of optimum size. 

A spawner-recruit model (Nelson et al., 1977) was developed for predicting recruit survival for a 
given total allowable catch. Surplus yield was calculated under conditions which would maintain four 
spawning ages in the population. Based on the estimated 1955-1971 survival rates and on optimum 
spawning stock size predicted by the Ricker stock-recruitment function, allowable catch averaged 
419,000 tons a year. The most significant variable in this model was the transport of larvae into 
inshore nursery grounds. 

Reliable MSY estimates do not exist for the Gulf menhaden fishery. A series of surplus 
production models have been fitted to catch and effort data dating from 1946 (Chapoton, 1972; Schaaf, 
1975; Klima, 1976, and this report), but predicted MSY increased from 430,000 tons to 550,000 tons 
with the addition of up-dated information. The predicted yield curve does not fit the observed data 
very well, especially data from recent years, and no data were available for the right-hand side of the 
curve. Effort was measured as the number of vessel-ton-weeks and was not standardized since it was 
assumed that vessel size was related to capture efficiency. Although 1978-1979 landings were very 
high, effort did not increase beyond the 1975-1977 level. 

Annual yield forecasts for both fisheries (Schaaf et al., 1975) were based on empirical multiple 
regression equations which require historical catch and effort data and effort predictions for the 
upcoming year. These forecasts have failed to account for variations in year-class strength and have 
been only moderately successful. 

Shrimp 

Reported commercial landings of shrimp in the WECAFC area have averaged 187,000 tons since 
1970. An additonal unreported 30,000 tons a year may be harvested by recreational, artisanal and bait 
fisheries. Over 90% of the reported catch is composed of Penaeus species which are trawled on the 
continental margins of the southeastern U.S., the Gulf of Mexico and northern and northeast South 
America. Over half of the reported catch is from the northern Gulf of Mexico. 

Most assessments have been based on historical catch and effort data and are severely 
handicapped by the fact that production is primarily related to recruitment and not to stock size or 
fishing effort. Recruitment is affected principally by environmental variables (temperature and 
salinity) in estuerine nursery grounds, and populations are short-lived and have little opportunity to 
reach equilibrium with the environment or with fishing effort, yet the surplus production model is an 
equilibrium model and does not account for changes in environmental conditions. Also, most data were 
compiled after the fisheries were already established and catches had stabilized, were not collected for 
individual species, and do not account for changes in capture efficiency with time. Unit fisheries have 
been defined arbitrarily on a geographic basis, ignoring the probability that the same stock may be 
harvested simultaneously in adjacent areas. 
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Surplus production models have been applied to catch and effort data collected from 
geographically defined unit fisheries in the U.S. Gulf of Mexico, Mexico, Nicaragua, Colombia, 
Venezuela and the Guianas and northern Brazil (Gulf of Mexico PMC, 1980; WECAFC, 1978 1979 and 
1979a). In all cases, estimated MSY values were equal to or slightly greater than observed yields, but, 
for the reasons stated above, these estimates were not reliable. 

Yield-pep-recruit models were also used to assess pink shrimp (Penaeus duorarum) and brown 
shrimp (Penaeus aztecus) populations in the U.S. Gulf of Mexico (Gulf of Mexico FMC, 1980) and in 
both cases, predicted overexploitation. Estimates of weekly natural mortality rates for pink shrimp by 
various authors were highly variable; results were based on minimum M values (M 0.1) and average 
growth estimates, even though growth varies by sex and time of year. Fishing mortality rates were 
estimated by the swept area technique. 

A production equation (Griffin and Beattie, 1978) which incorporates environmental variables 
predicted a MSY of 95,000 tons for all species of shrimp caught by commercial vessels in the U.S. Gulf 
of Mexico. This estimate was similar to MSY estimates obtained from surplus production models which 
ignored environmental variables (100,000 tons and 81,000 tons). The average annual 1963-1979 
commercial catch of brown, white and pink shrimp in the U.S. Gulf of Mexico was 87,000 tons; 
maximum catch reached 118,000 tons in 1977. Reported commercial landings of other species exceeded 
6,000 tons in 1979. The production equation correlated commercial catch with temperature, river 
discharge and fishing effort and predicted 82% of the annual variance in brown shrimp harvest during 
1963-1975. In addition, bioeconomic simulation models have been successfully applied to the brown 
shrimp fishery off the Texas coast (Grant and Griffin, 1979) and to the pink shrimp fishery in southwest 
Florida (NMFS, 1979a). In the former case, simulations incorporating changes in recruitment 
confirmed the fact that the dynamics of harvest ultimately depend on environmental conditions which 
affect recruitment. 

Royal red shrimp (Pleoticus robustus) are exploited in deep water in Florida and near the 
Mississippi River delta. This species is currently underutilized, as indicated by the analysis of catch 
and effort data from three fishing grounds and standing stock estimates inferred from trawl surveys. 
Seabob shrimp (Xiphopenaeus kroyeri) and rock shrimp (Sicyonia brevirostris) are harvested incidentally 
in shallow water with the penaeid species. No reliable estimates of resource potential were available 
for these species, but both are under-utilized. The biomass of unexplolted seabobs is probably 
considerable throughout the region. Rock shrimp have historically been harvested in small quantities in 
northwest Florida and Mexico, although the reported 1979 catch reached 3,300 tons. 

Spiny lobster 

Total reported landings of spiny lobster in the Western Central Atlantic were 31,000 tons in 1978 
and have increased by 11,000 tons since the 1960s. Lobster are harvested principally with wooden and 
wire pots on coralline shelf areas in Florida, throughout the Caribbean islands and in certain locations in 
Central America, Venezuela and northern Brazil. Major producing countries are Cuba, Nicaragua, the 
Bahamas, Brazil and the US. Wise (1976) estimated the total potential yield in the WECAFC region as 
42,000 tons. 

Surplus production models were fitted to historical catch and effort data from the Brazilian 
fishery (Programa de POP do Brasil, 1977) and from the west coast of Florida (Gulf of Mexico and South 
Atlantic FMCs, 1979a). Total MSY in Brazil was 8,800 tons and was exceeded in 1974. More recent 
catches have been about 7,000 tons a year. Fishing effort, however, has exceeded f MSY by a 
considerable margin since 1972 and catch-per-unit-ef fort has declined from more than 1 kg/trap-day in 
1965-1966 to 0.3 kg/trap-day during 1973-1977. Furthermore, separate analyses for unit fisheries north 
and south of the equator (WECAFC, 1979a) indicated that the major lobster fishery was north of the 
equator (MSY = 7,300 tons) and that the resource there was more heavily exploited. 

An exponential surplus production model was fitted to three data sets compiled for the lobster 
fishery in western Florida and MSY estimates were adjusted upwards to include recreational Imingp, 
unreported commercial catches and the east coast (Florida) fishery. The analyses depended critically 
on 1970-1975 data since effort has increased dramatically since 1970. Catch-per-unit-effort in this 
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fishery dropped to low levels (13-15 kg/trap) during 1971-1974 and even lower (5.5-6.5 kg/trap) in 1975 
and 1976. Adjusted MSY estimates ranged from 2,500 to 3,350 tons. The "beat" estimate of MSY for 
the west coast commercial fishery (2,500 tons) was exceeded in 1970 and 1974 and f^xcy was exceeded 
in 1974-1976, 

Yield-per-recruit models were applied to parameter estimates from the Florida west coast (Gulf 
of Mexico and South Atlantic FMCs, 1979a) and Jamaica (Munro, 1974a). These analyses were hindered 
by questionable estimates of natural mortality. In Florida, Y/R curves predicted for three probable 
estimates of M and two probable estimates of K were "flat-topped", indicating that only very small 
increases in yield could be obtained from considerable increases in effort. Fishing mortality was 
estimated from the regression of total mortality versus effort. For average parameter values, the 
model predicted that the fishery was exploiting 95% of the maximum Y/R, but that the same yield 
could be taken with 50% less effort. This conclusions generally confirmed the results of the catch and 
effort data analysis. 

In Jamaica, total and natural mortality rates were estimated from catch curves obtained from 
exploited and unexploited populations on Pedro Bank and the south coast of Jamaica. Natural 
mortality was reduced according to the abundance of predatory fishes and F was calculated from 
estimates of relative fishing effort and the catchability coefficient. Growth was inferred from tagging 
studies. The results indicated that size-at-first-capture would have to be doubled in order to achieve 
maximum Y/R for the heavily exploited south Jamaican fishery. The Pedro Bank stock, on the other 
hand, is under-exploited. 

MSY estimates were also available for small lobster fisheries in the U.S. Virgin Islands and Puerto 
Rico (Caribbean FMC, 1978) and for Los Roques Archipelago in Venezuela, Cabo de Barany et al. (1972). 
In both cases, current catches were predicted to be at or near MSY. 

Equilibrium yield models can provide reliable MSY estimates for long-lived lobster populations 
which are fairly independent of environmental variables. Problems which complicate management, 
however, are the possible transport of planktonic larvae by surface currents and the migration of adults 
over fairly long distances. Regional management strategies should be considered, especially in areas 
like the Lesser Antilles and Central America where fishing grounds of different countries are in close 
proximity. 

Crabs 

Reported commercial landings of crabs in the WECAFC area (about 40,000 tons a year during the 
past 20 years) are composed primarily of blue crabs (Callinectes spp.). Landings are reported from the 
U.S., Mexico and Brazil. Most of the estimated 12,000 tons harvested by U.S. recreational fishermen in 
1975 were presumably blue crabs. A small, but important, stone crab (Menippe mercenaria) fishery is 
conducted in Florida. Stone crabs are also harvested in Cuba. 

A potential yield of 80,000-180,000 tons of crabs has been estimated for statistical area 31 
(Gulland, 1971; Bullis et al., 1971). No assessments have been possible for blue crab stocks given the 
lack of effort information. The only available assessment was for the Florida stone crab fishery (Gulf 
of Mexico FMC, 1979b). Linear and exponential surplus production models were fitted to 1962-1978 
catch and effort data; catch was in claw weight (equal to one-half whole weight) and effort was 
measured as the number of traps. MSY estimates were increased by 20% to account for unreported 
recreational catch. Neither form of the model fits the data well and neither model predicted the 
observed catch after the 1972-1973 season. It is also possible that the number of traps actually in use 
was not reliably measured. The fishery expanded into deeper water in the early 1970s, causing a surge 
in catch and effort. CPUE has declined to less than 4 kg/trap since 1971-1972. Management of this 
fishery is complicated by the fact that only the claws are harvested; captured crabs are returned to the 
water to regenerate new claws. 

Molluscs 

1 A great variety of gastropods, bivalves and cephalopoda are harvested in coastal waters of the 
Western Central Atlantic by industrial and artisanal fisheries. Reported landings (260,000 tons in 1978) 
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Other species which support valuable export trade in the Caribbean are concTTmol!I^trombu 
and octopus. Aside from a few estimates of biomass on localized fishing grounds, assessments of 
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Squid resources are almost totally unexploited at present. Gulland (1971) suggested a total 
cephaloood potential of more than 100,000 tons in area 31, possibly as much as 0.5-1.0 million tons. A 
number of species of coastal and oceanic squid are present in the region and could be harvested. 
Feeding or spawning concentrations of squid were not observed during exploratory fishing operations in 
the Gulf of Mexico (Rathjen et al., 1979). Such concentrations are required to support efficient 
harvesting* 
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